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FOREVORD 


This  report  of  a  1X)A£  study  of  frequency  assignment 
to  radio  relay  area  coiwnunication  systems  is  unusually  de¬ 
tailed,  but  this  presentati<ai  has  been  adopted  for  the 
following  reasons : 

a.  It  is  hoped,  by  giving  a  derailed  account  of 
the  approach  to  the  study  cind  of  its  evolu¬ 
tionary  development,  to  provide  the  fullest 
possible  understanding  of  the  frequency 
assignment  problem  and  its  solution. 

b.  To  obviate  possible  duplication  of  the  DOAE 
effort  by  including  a  description  of  the 
methods  explored  which  failed  to  meet  the  aim 
of  the  study. 

c.  To  present  a  useful  bacicground  against  which 
the  merits  of  any  new  methods  of  frequency 
assignment  may  be  assessed. 
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FKEOUEVCy  ASSIGBOtENT  TO  RADIO  RBUY  AREA 
COMMOHICATIOK  SYSTEMS  IN  THE  FORWARD 
COmAT  ZOKE  OP  AN  ARMY  GROUP 

by 

B.W.  Purs low 

Lt.  Col.  I.S.  Newell,  R.  Signals 


SUMMARY 


tost  NATO  countries  are  considering  tha  radio  relay 

area  coiiununication  systems  for  deployment  in  Eurd^  in  the  1970-80 
eraa.4M»ie— HWWilliin  ii  i  uelLjMmiinjPjM>  UlIiij  eauaed 

that  sufficient  frequ^cies  will  be  available^*^HAPB  Llici  lP ei'v. 
requested  the  UK  to  study  the  problems  of  oo&ating  a  large  number 
of  radio  relay  links  in  the  Forward  CombaU^cne  of  an  Army  Group 
without  excessive  interference,  n*  *■  mgiiwfMt-m*  JUlluUli. 
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plan  for  an  area  coamnini- 
^f  the  HOBART  plan,  was  to 


cation  system,  ALDERTON,  %diich  is  par) 

be  taken  as  a  basis  for  the  study.  .^LERTQN  is  planned  to  operate 
in  the  frequency  band  225-960  Mc/s/^  which  band  the  majority  of 
area  communication  systems  are  being  djsgigned.-, 

'  /  '  A 

>y  in  <^ieh,|depIoyments  of  area 
ftTON  type  wamaii^iamHwd  in  each 
It  gives  the  results  achieved  by 
of  frequency  assignment  to  the 
those  frequencies  presently  allocated 
ile  radio  relay  use  in  war.  These 
which  are  in  the  225-400  Mc/s  band, 
^and  and  96  in  the  790-960  Mc/s  band, 
s  found  to  be  entirely  satisfactory, 
evolved,  called  the  Modified  A-B-M  Plan, 


comnunication  systems  of  the 

oftbO-fiaBBfaaiBBA&UaLJSSS 

Kpp lying  various  manual  me 
corps  area  systems,  using 
to  NORTHAG  for  military 
total  369  frequenci'is 
216  in  the  622-790  Me, 

None  of  these  meth' 

.method  wa: 


Finally^i^me 
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excessive  in 
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operate,  ass 
degree  of 
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availmUm, 
corps. 


:e  possible  the  assignment  of  frequencies, 
NORTHAG,  but  to  all  corps  in  Europe,  without 
;e  and  within  the  frequencies  currently 
in  war.  .  It  is  ytremelv  simple  and  quick  to 
compatibility  of  'l^equencies  and  affords  a 
ibility  which  matche^  the  mobile  nature  of  the 
systems  concerned.  Cniis  method  involves  arrwgiag 
ies  into  two  groiqis  for  alloentioa  to  nlt«Mntt 
giving  each  cwps  absolute  control  of  fre^piency 
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It  is  recommended  that: 

a.  The  results  of  this  study  are  communicated  to  the 
national  authorities  and  NATO  Headquarters  concerned, 
noting  that,  in  the  planning  of  area  conmiunication 
systems,  satisfactory  operation  will  be  possible 
within  the  frequencies  currently  available  to  the 
military  in  war  provided  that  unanimous  agreement  is 
given  to  the  allocation  of  frequency  lists,  similar  to 
A  and  B  used  in  this  study,  to  all  corps  in  Central 
Europe,  irrespective  of  the  method  of  frequency 
assignment  to  be  used  within  each  corps.  If  this 
recommended  allocation  of  frequencies  is  implemented, 
the  Modified  A-B-M  Plan  should  be  adopted  as  the 
standard  manual  method  of  assigning  frequencies  to 
corps  area  communication  systems :  if  it  is  not 
implemented,  it  is  impracticable  for  any  corps, 
unilaterally,  to  use  the  Modified  A-B-M  Plan  or 

any  other  plan  as  envisaged  in  this  study. 

b.  Steps  are  taken  by  SHAPE  to  secure  at  least  24 
additional  frequencies,  as  many  as  possible  in  the 
225-400  Mc/s  band,  so  that  all  Formation  HO  links 
can  be  assigned  frequencies  separate  £rcm  the 
trunk  link  assignm«aits. 

c.  Nations  concerned  should  develop  or  use  equipment 
whose  spectrum  signature  is  at  least  as  "cleeui"  as 
that  predicted  for  AN/GRC-103. 

d.  Trials  on  the  groimd  are  carried  out  as  soon  as 
possible  to  reduce  the  uncertainty  regarding  the 
minimum  distance  at  which  co-channel  repetition  of 
frequencies  is  possible. 
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FREQUENCY  ASSIGNMENT  TO  RADIO  RELAY  AREA 
COMMUNICATION  SYSTEMS  IN  THE  FORWARD 
COMBAT  ZONE  OF  AN  ARMY  GROUP 


by 


B.W.  Purslow 

Lt.Col.  t.S.  Newell,  R  Signals 


INTRODUCTION 


Background 

1 .  Most  of  the  member  nations  of  NATO  whose  military  forces  are 
deployed  in  Central  Europe  are  considering  the  requirement  for  radio 
relay  area  communication  systems  for  use  by  their  respective  forces 
in  the  1970-80  era,  but  are  unwilling  to  procure  equipment  until  they 
are  satisfied  that  sufficient  frequencies  will  be  available. 

2.  The  majority  of  area  communication  systems  are  currently  being 
designed  to  operate  in  the  frequency  band  225-960  Mc/s.  The  nianber  of 
frequencies  available  in  this  band  in  Central  Europe  is  extremely 
limited  in  relation  to  the  likely  requirement  for  radio  relay  links, 
and  interest  has  been  expressed  in  the  problems  of  operating  area 
communication  systems,  particularly  in  the  Forward  Combat  Zone, 
without  excessive  interference. 

3.  For  this  reason,  SHAPE  requested  the  UI  Ministry  of  Defence, 
whose  plans  for  an  area  radio  relay  communication  system  are  com¬ 
paratively  well  advanced,  to  study  the  problems  of  frequency  assignment 
to  area  communication  systems  in  Central  Europe.  This  request  was 
passed  by  SO-in-C(A)  to  the  Defence  Operational  Analysis  Establishment 
(then  the  Army  Operational  Research  Establishment)  with  the  specific 
task  of  finding  an  acceptable  method  of  assigning  frequencies, 

on  an  Army  Group  basis,  to  area  communication  systems  in  the  Forward 
Combat  Zone. 

4.  The  problems  had  been  well  defined  in  a  previous  AORE  study, 
described  in  an  AORE  Reportv^ )  vrtiich  also  contains  detailed  infor¬ 
mation  on  frequency  availability  and  usage  in  the  beuids  concerned. 

This  Report  has  greatly  assisted  in  the  study  of  frequency  assignment 
methods. 

Aim 

5.  The  aim  of  the  study  covered  by  the  present  report  was  to  find 
a  suitable  manual  method  of  assigning  frequencies,  on  an  Army  Group 
basis,  to  radio  relay  area  conmunication  systems  in  the  Forward  Combat 
Zone. 
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METHOD 


Assumptions 

6.  It  was  necessary  to  make  a  number  of  assumptions  on  which  to  base 
the  study.  These  were: 

a.  Area  communication  systems  used  in  all  corps  areas  would  be 

similar  in  concept  to  the  ALLERTON  (HOBART)  System,  which  is 
outlined  in  School  of  Signals  Planning  Wing  Study  No.  21  . 

b.  Radio  relay  sets  would  operate  on  low  power,  of  the  order  of 
25  watts  RF  output,  and  have  similar  characteristics  to  the 
Canadian  Marconi  equipment  AN/GRC-103;  in  particular,  a 
bandwidth  requirement  of  0.5  Mc/s  for  each  single  way  trans¬ 
mission. 

c.  Only  those  frequencies  presently  allocated  to  NORTHAG  for 
military  mobile  radio  relay  use  in  war  would  be  available. 

These  total  369  frequencies;  57  of  which  are  in  the  225-400 
Mc/s  band,  216  in  the  622-790  Mc/s,  and  96  in  the  790-960  Mc/s 
band. 

d.  Some  re-use  of  frequencies  (frequency  repetition)  would  be 
inevitable  because  of  the  limited  number  of  frequencies 
available  in  relation  to  the  requirement.  In  this  paper 
frequency  repetition  distaince  denotes  the  length  of  an  in¬ 
terfering  signal  path  vrtiere  the  interfering  and  wanted 
signals  are  at  the  same  frequency. 

e.  A  frequency  assignment  plan  for  area  communication  systems 
must  provide  for  considerable  movement,  expansion  and 
reconfigiuration  of  networks  at  short  notice. 

Area  of  Study 

7.  The  NORTHAG  area  was  selected  for  detailed  study  because  information 
on  formation  boundaries  and  organisation  was  readily  accessible,  and 

also  because  it  made  possible  the  relation  of  the  frequency  assignment 
study  to  studies  of  other  aspects  of  an  area  communication  system  in 
the  present  1(BR)  Corps  area  which  have  been  undertaken  at  this  Estab¬ 
lishment. 

Deployments  of  Corps  Within  NORTHAG 

8.  Realistic  deployments  of  area  communication  systems  are  fundamental 
to  a  frequency  assignment  study.  In  the  British  Corps  area,  a  measure  of 
realism  was  provided  by  the  war  game  technique  which  had  been  used  to 
simulate  a  Force  deployment  in  a  tactical  setting  in  the  time  frame 
1968-73.  A  study  was  made  of  am  area  communication  system  deployment 
v^ich  seemed  likely  to  satisfy  the  communication  requirements  of  this 
Force,  as  reported  in  DOAE  Research  Memorandum  No.  1/65(3).  This 
deployment,  together  with  subsequent  tactical  redeployments,  was 

used  as  the  basis  of  the  frequency  assignment  study  in  the  British 
Corps  area. 

9.  In  each  of  the  other  corps  areas  not  represented  in  war  game 
studies.  Formation  HQ  were  tactically  sited  on  the  map  and  then, 
from  map  study  of  the  ground  to  determine  possible  radio  relay 
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paths,  an  area  communication  system  was  developed  to  support  the 
Formation  HQ  deployment. 

Technical  Considerations 

(4) 

10.  Detailed  radio  relay  frequency  compatibility  rules  were 
evolved,  based  on  the  predicted  technical  characteristics  of  the 
AN/GRC-103.  These  rules  take  into  consideration  the  various  con¬ 
ditions  which  are  likely  to  apply  in  a  typical  communication  centre 
(nodal  point)  layout;  for  example,  the  spacing  of  vehicles,  the  in¬ 
stallation  of  two  stations  in  one  vehicle,  and  the  use  of  separate 
transmit  and  receive  aerials  on  the  same  mast , 

11.  A  summary  of  the  rules  governing  the.  .frequency  separations 
to  be  observed  is  given  below: 

a.  Receiver  to  Receiver  Separation 

At  a  nodal  point  in  the  communication  system  and  at  a 
Formation  HQ,  receiver  frequencies  shall  be  spaced  not 
less  them  1  Mc/s  apart  and  shall  not  be  spaced  by  30  Mc/s 
(which  is  the  ih-cermediate  frequency  of  AN/GRC-103). 

b.  Transmitter  to  Transmitter  Separation 

(1 )  At  a  nodal  point,  transmitter  frequencies 
shall  be  spaced  not  less  than  0.5  Mc/s  and 
shall  not  be  spaced  by  30  Mc/s. 

(2)  At  a  Formation  HQ,  transmitter  frequencies  shall 
be  spaced  not  less  than  1  Mc/s  apart  and  shall  not 
be  spaced  by  30  Mc/s. 

c.  Transmitter  to  Receiver  Separation 

(1)  At  a  nodal  point  or  a  Formation  HQ  the  minimum 
spacing  shall  be: 

For  antennae  on  the  same  mast  -  10  Mc/s 

For  antennae  on  masts  .separated  by  -  8  Mc/s 

a  vehicle  length 

For  eintennae  on  separate  vehicles  -  3  Mc/s 

spaced  mile  apart 

(2)  For  antennae  on  the  same  mast,  T-R  .spacing  shall  not 
be  ±  30  or  ±  60  Mc/s  in  any  band  or  i  15  Mc/s  in 
Band  I.  Avoid  R  values  of  2T/3,  3T/2  and  4T/3  in 
Band  I  only. 

(3)  For  amtennae  on  masts  separated  by  a  vehicle  length, 
as  for  (2)  above  but  for  positive  T-R  values  only. 


12.  If  the  above  rules  are  obeyed,  intermodulatiwi  products  place 
no  additional  restrictions  on  the  a.ssignment  of  frequencies.  The 
simplicity  of  these  rules  results  from  the  comparatively  "clean" 
spectrum  signature  predicted  for  AN/grC-103,  a  less  "cleaui"  equipment 
would  require  more  complicated  rule.s  and  so  magnify  the  problem  of 
frequency  assignment. 
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13.  If  frequencies  are  so  assigned  that  any  arrangement  or  sub¬ 
sequent  re-arrangement  of  links  at  nodal  points  is  possible  without 
jeopardizing  compatibility,  flexibility  in  the  layout  of  nodal 
points  is  greatly  enhanced.  This  can  be  achieved  if  the  assignment 
method  provides  for  a  minimum  transmitter-receiver  separation  of 

10  Mc/s  for  all  transmitters  and  receivers  at  nodal  points  (thus 
meeting  the  most  stringent  rule  for  antennae  on  the  same  mast). 

Methods  of  Frectuencv  Assignment 

14.  All  known  manual  methods  of  frequency  assignment  were  con¬ 
sidered  but  detailed  study  was  confined  to  those  methods,  and 
modifications  thereto,  which  appeared  to  offer  the  degree  of 
flexibility  and  simplicity  of  operation  necessary  for  the  type  of 
communication  system  being  considered.  It  is  thought  best  to 
describe  all  the  methods  studied  (not  simply  the  one  which  offers 
the  best  results)  in  order  to  provide  the  fullest  possible  under¬ 
standing  of  the  problem  and  its  solution,  and  also  to  obviate  the 
need  for  repetition  of  the  studies  elsewhere.  The  methods  described 
are: 

a.  The  Six-Way  Linear  Lattice  Method  (rejected). 

b.  The  Quadrant  Plan  (failed  as  an  Army  Group  plan). 

c.  The  Modified  Quadrant  Plan  (a  possible  solution  but 
inferior  to  d.). 

d.  The  Modified  A-B-M  Plan  (the  recommended  solution). 


THE  SIX^VAY  LINEAR  LATTICE  METHOD 

15.  The  Six-Way  Linear  Lattice  method  was  proposed  in  a  previous 
ACRE  Reportv^ )  as  a  possible  solution  to  the  frequency  assignment 
problem.  A  brief  description  of  this  form  of  lattice  and  its  method 
of  application  to  frequency  assignment  is  given  at  Annex  'A'. 

16.  At  first  sight  the  method  is  particularly  attractive  because 
it  provides  for  six  links  in  three  vehicles  at  nodal  points  which 
corresponds  to  the  number  and  arrangement  of  links  planned  for  an 
ALLERTON  (HOBART)  communication  centre.  After  closer  examination, 
however,  the  method  was  rejected  as  being  too  rigid.  Specifically 
it  has  the  following  major  disadvantages: 

a.  Excess  distortion  of  the  lattice  is  necessary  for  the 
typical  corps  system,  the  nodal  points  of  which  are 
unevenly  distributed  geographically.  As  a  result,  no 
reliance  can  be  placed  on  direction  in  determining 
"safe"  frequency  repetition  distances  which  must 
therefore  be  planned  on  the  basis  of  interfering  signal 
paths  of  the  worst  type  and  vdiich  in  consequence,  are 
excessive. 

b.  It  provides  only  for  links  to  adjacent  nodal  points 
Pereas  in  practice  it  is  often  necessary  to  cross¬ 
link  nodal  points  which  are  not  adjacent,  particularly 
after  a  systee  has  sustained  damage. 


-  4  - 


SECRET 


SECRET 


c.  The  fixed  geometry  of  the  larticf  i*"  not  conducive  to 
tactical  flexibility.  The  move  or  a  < ingle  nodal  point 
often  necessitates  a  freQuency  change  at  a  number  of 
other  nodal  points  not  othervi<^e  involved  in  a  redeploy¬ 
ment.  The  scune  difficulty  ari^eo  when  new  nodal  points 
are  established  within  the  perimeter  of  an  existing 
communication  system. 


THE  QUADRANT  PLAN 

General 


17.  An  outline  description  of  the  Quadrant  Plan  eind  its  method  of 
application  are  given  at  Annex  "B". 

18.  This  plan  is  of  Iftiited  States  origin.  It  is  an  extremely 
versatile  method  of  frequency  assignment,  is  well  designed  and 
relatively  simple  to  operate.  As  it  stands,  it  cannot  be  applied 
to  achieve  the  aim  of  this  study,  but  it  is  capable  of  adaptation 
so  that  it  provides  a  reasonable  solution. 

Aim  of  the  Plan 


19.  The  Quadrant  Plaui  has  three  main  objectives 

a.  To  assure  compatibility  of  frequencies  at  every  nodal 
point  in  a  communication  system.  The  A-B-M  method 
incorporated  in  the  plan  sets  the  minimum  frequency 
separation  between  transmitters  and  receivers  at  a 
nodal  point,  and  the  quadrant  itself  fixes  the  fre¬ 
quency  separation  between  receivers. 

b.  To  assure  adequate  distance  between  assignments 
,  involving  repetition. 

c.  To  permit  decentralised  assignment  of  frequencies 
without  the  need  for  extensive  co-ordination  or  rigid 
central  control. 

Application  of  the  Plan  and  Results  Achieved 

20.  An  assignment  of  frequencies  was  made  in  turn  to  the  communi¬ 
cation  systems,  including  Formation  HQ  links,  already  deployed  in 
each  corps  area  (vide  Paragraphs  8  and  9).  In  the  case  of  the 
British  Corps  area,  re-assignment  of  frequencies  was  also  made  to 
the  modified  communication  system  resulting  from  a  redeployment  of 

a  number  of  the  corps  formations.  The  results  were  as  follows; 

a.  Frequency  Separation 

The  transmitter-receiver  and  receiver- receiver  frequency 
separations  required  by  the  rules  were  fully  met  at  each 
nodal  point  except  that; 

(l  )  There  was  an  average  ot  on>'  e  of  30  Mc/s  and  one 
of  60  Mc/s  undesirable  separation  in  each  corps 
system,  but  only  in  one  ca^e  in  all  the  assignmofts 
did  this  involve  radio  terminals  in  the  same  vehicle, 
which  is  the  worst  case. 
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(2)  There  were  a  few  cases  of  two  tremsmitters  at  caie 
nodal  point  being  assigned  the  scune  frequency; 

.  otherwise  the  transmitter-transmitter  separation 
was  one  channel  number  or  more. 

b.  Frequency  Repetition 

In  an  ideal  system  layout  having  one  nodal  point  in  each 
quadrant  square  and  with  the  letters  A,  B  euid  M  ideally 
assigned,  the  frequency  repetition  distance  is  fixed  at 
about  80  km,  using  10-km  squares.  tfti fortunately,  in  the 

system  layouts  being  considered,  which  are  of  non-uniform 
pattern,  the  frequency  repetition  distance  is  random  and 
was  found  to  be  as  little  as  10  km,  using  10-km  squares. 
This  distance  may  suffice  for  some  link  configurations 
but  is  thought  to  be  inadequate  for  general  planning 
purposes.  However,  provided  there  is  a  central  frequency 
assigner,  various  means  of  avoiding  close  and  unintelli¬ 
gent  repetition  of  frequencies  can  be  used.  These  are: 

(1  )  Assigning  approximately  equal  numbers  of  letters  A, 

B  and  M  to  nodal  points. 

(2)  Assigning  frequencies  systematically,  starting  with 
nodal  points  at  the  front  end  of  the  operational 
area  auid  working  towards  the  rear. 

(3)  The  use  of  frequoicies  listed  for  unused  directions 
of  reception  in  the  quadrant  square  associated  with 
the  nodal  point. 

(4)  Assigning  frequencies  to  all  links  at  a  nodal  point 
as  if  it  were  located  in  one  of  the  adjacent  squares. 

(5)  The  use  of  spare  frequencies. 

Using  these  means,  it  was  found  possible,  in  all  initial 
deployments,  to  avoid  re-using  frequencies  at  less  than 
60  km  separation  and  also  to  reduce  the  incidence  of 
repetition.  Hote,  however,  that  minimum  frequency  repe¬ 
tition  distances  are  directly  related  to  the  size  of  the 
quadrant  square.  A  10-km  square  was  found  to  be  about 
right  for  the  15-km  average  link  length  of  the  networks 
considered  and  was  used  in  all  frequency  assignments. 

A  larger  size  would  have  resulted  in  more  than  the  per¬ 
missible  maximum  of  three  nodal  points  in  one  square 
while  a  smaller  size  would  have  further  reduced  the 
frequency  repetition  distance. 

c.  Redeployments 

When  frequencies  are  assigned  by  a  central  assigner, 
movement  of  a  Formation  HQ  or  a  nodal  point  entails  re¬ 
drawing  to  scale  the  affected  j>art  of  the  c'cawnmication 
aetwerk*  recovurinf  the  frequmcies  no  longer  in  use 
and  assigning  new  ^equencies  to  the  reconstituted  portion 
of  the  network.  Vhen  frequency  assignment  was  associated 
with  a  war  game,  it  was  found  that  movement,  particularly 
of  Formation  HQ,  was  so  frequent  or  on  such  a  scale  that 
the  frequency  assigner  had  the  greatest  difficulty  in 
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satisfying  all  frequency  requirements  within  a  reasonable 
time,  even  though  he  was  only  concerned  with  the  communi¬ 
cation  system  of  a  single  corps. 

Redeployment  sometimes  resulted  in  nodal  points  having  the 
same  letter  A,  B  or  M  being  linked  together;  the  only 
recourse  was  to  assign  spare  frequencies  to  both  ends  of 
such  links. 

d.  Cross-Linking 


Vfhen  a  communication  system  has  suffered  extensive  damage, 
it  is  necessary  to  interconnect  undamaged  nodal  points, 
using  spare  equipment.  It  was  found  that  in  some  cases 
two  nodal  points  having  the  same  letter  A,  B  or  M  were 
interconnected.  Again  this  problem  can  be  overcome  by 
assigning  spare  frequencies  to  both  ends  of  such  links 
or,  if  justified  by  the  extent  of  network  changes,  by 
re-assigning  the  letters  A,  B  and  M  to  the  whole  or  part 
of  the  network  and  re-assigning  frequencies  correspondingly. 

e.  Expansion  of  Communication  Systems 

It  is  sometimes  necessary  to  add  nodal  points  to  corps 
communication  systems  due,  for  example,  to  an  advance  or 
withdrawal,  an  extension  of  the  corps  area,  or  the 
addition  of  new  formations  to  the  Order  of  Battle.  Outward 
expansion  of  the  communication  system  presented  no  problem. 
However,  in  the  case  of  additions  which  increased  the 
density  of  nodal  points  in  the  centre  of  an  existing  system, 
distances  were  too  short  to  permit  safe  repetition  of 
frequencies  in  use  and  at  this  stage  few  others 
except  spares  were  available.  If  insufficient  spare  fre¬ 
quencies  are  available,  it  is  necessary  to  assign  new 
letters  and  frequencies  to  a  part  of  the  system,  involving 
a  change  of  frequencies  for  some  existing  links. 

f .  Assignment  Time 

After  drawing  the  communication  system  diagram  to  scale, 
assigning  the  letters  A,  B  and  M  to  nodal  points,  and 
preparing  the  frequency  list,  it  took  3^-4  hours  to  make 
an  initial  assignment  of  frequencies  to  each  of  the  corps 
systems.  The  time  taken  to  re-assign  frequencies  as  a 
result  of  war  game  redeployments  varied  between  10  minutes 
and  1^  hours,  including  essential  preparations.  It  is 
conceivable  that  a  redeployment  on  a  large  scale  might 
involve  re-assignment  of  frequencies  to  the  whole  of  a 
communication  system,  in  which  case  the  time  required 
would  be  1  hour  for  preparation  plus  3^-4  hours  for  the 
assignment. 

21.  Tf 

a.  The  frequency  compatibility  rules  were  broadly  met. 

b.  Frequency  repetition  distances  were  too  short  except 
»rtien  controlled  by  a  central  assigner. 
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c.  The  redeployments  of  Formation  HQ  were  so  frequent  that  a 
central  assigner,  even  at  corps  level,  would  have  had 
difficulty  in  satisfying  all  frequency  demands  with 
acceptable  delay. 

d.  Cross-linking  of  nodal  points  and  expansion  of  networks 
presented  only  minor  problems  which  were  readily  solved. 

e.  The  time  required  for  frequency  assignment  to  a  corps 
system  was : 

3^-4  hours  for  an  initial  deployment. 

Up  to  hours  for  subsequent  redeployments, 
but  this  could  be  very  much  longer  for  major 
redeployments. 

Discussion  of  Results  ^uld  Development  of  the  Study 

22.  So  far  the  Quadrant  Plan  method  of  frequency  assignment  had 
been  applied  only  to  corps  communication  systems  on  an  individual 
corps  basis. 

23.  Consideration  was  next  given  to  applying  the  Plan  to  corps 
communication  systems  on  an  Army  Group  basis.  It  was  found  that  two 
of  the  results  had  conflicting  implications  and  combined  to  pose  an 
insoluble  problem: 

a.  Central  assignment  at  Army  Group  is  essential  to  avoid 
mutual  interference  which  would  result  from  the  random 
repetition  of  frequencies  at  too-short  distances  (vide 
Paragraph  20  b). 

b.  Central  assignment  at  Army  Group  is  precluded  by  the 
time  delay  in  assigning  frequencies  to  meet  the  frequent 
demands  of  redeployment  (vide  Paragraph  20  c).  It  is 
doubtful  if  central  assignment,  even  at  corps  level,  is 
feasible  vrtien  movement  is  rapid. 

24.  Further  study  showed  that  the  problem  could  be  evaded  if: 

a.  Adjacent  corps  systems  are  assigned  frequencies  fran 
separate  frequency  lists  and  control  of  assignment  is 
vested  in  corps  HQ.  This  is  consistent  with  corps  having 
control  over  all  other  aspects  of  their  respective 
communication  systems. 

b.  Formation  HQ  links,  particularly  those  most  subject  to 
frequent  moves,  are  assigned  frequencies  separate  from  the 
Quadrant  Plan. 

25.  For  this  to  be  possible,  the  following  frequencies  would  be 
required : 

a.  2  X  144  3  288  (k«adrant  Plan  frequencies  for  assignment 

to  trunk  links. 

b.  2  X  68  -  136  Formation  HQ  link  frequencies  (68  fre¬ 

quencies  are  sufficioit  for  up  to  17  HQ, 
each  with  a  working  link  to  one  nodal 
point  and  an  alternate  link  to  another). 
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This  makes  a  total  of  424  frequencies,  excluding  spares,  whereas 
only  369  are  available  (vide  Paragraph  6  c), 

26.  The  Quadrant  Plan  was  then  modified  to  use  96  frequencies 
instead  of  144  which  reduced  the  frequency  requirement  to; 

a.  2  X  96  =  192  Quadrant  Plan  frequencies. 

b.  2  X  68  =  136  Formation  HQ  link  frequencies. 

This  makes  a  total  of  328  frequencies,  leaving  41  for  use  as  spares. 

27.  Details  of  the  Modified  Quadrant  Plan  and  the  method  of  grouping 
frequencies  to  provide  separate  lists  for  adjacent  corps  and  for 
Formation  HQ  links  are  given  in  the  following  section. 

THE  MODIFIED  QUADRANT  PLAN  AND  FREQUENCY  GROUPING 
The  Modified  Quadrant  Plan 

28.  A  description  of  the  Modified  Quadrant  Plan  and  the  method  of 
applying  it  to  frequency  assignment  are  given  at  Annex  "C". 

29.  The  main  differences  between  the  96-frequency  and  144-frequency 
Quadrant  Plans,  assuming  both  are  applied  by  a  central  frequency 
assigner,  are: 

a.  The  minimum  trauismitter-receiver  frequency  separation  at 
nodal  points  is  16  channel  numbers  instead  of  24. 

b.  The  minimum  receiver-receiver  frequency  separation  at 
nodal  points  is  4  channel  numbers  instead  of  6. 

30.  The  transmitter-receiver  frequency  separation  is  insufficient  to 
satisfy  the  compatibility  rules  if  the  channels  are  contiguous  at 

0.5  Mc/s  spacing,  but  if  the  channels  are  spaced  at  least  1  Mc/s  apart, 
the  rules  can  be  adequately  met. 

Frequency  Grouping 

31.  The  frequencies  available  in  war  were  divided  into  four  groups, 
as  shown  in  Table  I,  and  within  each  group  the  frequencies,  in  rising 

TABLE  I 


_ ^ 

OUPING  OP  FREOUENCIES 

Group 

Frequency 

Band 

Use 

Total 

^regugcie^^ 

I 

235.5  -  399.5  Mc/s 

and 

622.5  -  684  Mc/s 

Formation  HQ  Links 

137 

List  A  List  B 

(69  fre-  (68  fre¬ 
quencies)  quencies) 

II 

684.5  -  701  Mc/s 

Spares  for  Trunk  Links 

20 

List  A  List  B 

(10  fre-  (lO  fre¬ 
quencies)  quencies) 

III 

701  .5  -  908  Mc/s 

Trunk  Links  (Quadrant  Plan! 

192 

List  A  List  B 

(96  fre-  (96  fre¬ 
quencies)  quencies) 

I? 

908.5  -  923  Mc/s 

Spares  for  Trunk  Links 

20 

List  A  List  B 

( 1 0  fre  ( 1  0  f  re  - 

quenc les )  quenc ies ) 
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order,  were  allotted  alternately  to  a  List  "A"  and  List  "B".  This 
arrangement  provided: 

a.  Separate  frequencies  for  Formation  HQ  links. 

b.  Separate  frequency  lists  for  adjacent  corps  for  both 
Formation  HQ  and  Trunk  links. 

c.  Channel  spacing  of  at  least  1  Mc/s  within  each  list. 

32.  The  resulting  Frequency  Lists  A  and  B  are  reproduced  in  detail 
in  Tables  II  and  III. 

33.  List  A  was  then  allotted  to  1(NL)  Corps  and  1 (BR)  Corps,  and 
Li^t  B  to  1(GE)  Corps  and  1 (BE)  Corps. 

Feattires  of  Plan 

34.  The  Modified  Quadrant  Plan,  used  in  conjunction  with  the  method 
of  frequency  grouping  described  above,  introduces  the  following  features 

a.  The  lowest  frequencies  are  made  available  to  Formation  HQ 
links,  the  terminals  of  vrtiich  are  often  tactically  sited 

to  the  detriment  of  good  communication  at  higher  frequencies. 

b.  Formation  HQ  are  able  to  move  freely  within  the  trunk 
system  and  to  link  into  and  be  generally  compatible  with 
any  nodal  point.  This  is  because  Formation  HQ  link  fre¬ 
quencies  are  separated  fran  trunk  frequencies  by  more  than 
the  10  Mc/s  required  by  the  frequency  compatibility  rules. 

c.  The  effects  of  redeployments  on  frequency  assignment  are 
greatly  reduced  as  the  central  frequency  assigner  is  now 
concerned  <xily  with  moves  of  nodal  points  in  the  main 
trunk  system  (plus  possibly  one  or  two  of  the  Formation  HQ 
which  are  least  subject  to  frequent  moves,  as  will  be 
explained  later). 

d.  The  spacing  between  adjacent  frequencies  on  each  list  is 
at  least  1  Mc/s  vrtiich  enables  all  the  main  frequency 
separation  rules  to  be  met  comfortably  and  also  reduces 
the  risk  of  adjacent  channel  interference  from  and  to 
neighbouring  nodal  points. 

e.  Formation  HQ  link  frequoicies  are  drawn  from  two  widely 
separated  bands  between  vdtich  pairing  of  frequencies  will 
not  normally  be  practicable  as  separate  radio  frequency 
heads  are  likely  to  be  required  for  each  band.  However, 
it  is  possible  to  pair  frequencies  within  each  band. 

f.  The  repetition  of  frequojcies  laterally  across  the  Army 
Group  front  is  precluded  at  less  than  the  width  of  ad¬ 
jacent  corps.  The  width  of  corps  areas  averages  60  km, 
but  in  practice  nodal  points  are  normally  sited  well 
inside  flank  corps  boundaries  which  effectively  increases 
the  repetition  distance  to  about  80  km.  Additionally, 
links  from  peripteral  nodal  points  are  nsinly  directed 
inwards  to  the  centre  of  ctnrps  areas  which  reduces  still 
further  the  likelihood  of  mutual  interference  between  corps 
using  the  same  frequwcy  lists.  The  repetition  of  frequen¬ 
cies  within  each  corps  area  is  controlled  by  the  corps 
central  frequency  assigner. 
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TABLE  II 

LIST  "A"  FREQUENCIES 

(allotted  to  1(NL)  Corps  and  i(BR)  Corps) 


Format!  or 

HQ  Links 

Trunk  Links 

Spares 

235.5 

632 

755.5 

848.5 

684.5 

237.5 

633 

758 

849.5 

686.5 

239.5 

634.5 

760 

850.5 

688 

241 .5 

636.5 

705.5 

761 

851  .5 

690 

245.5 

638 

706.5 

763.5 

CD 

U) 

692 

247.5 

639.5 

707.5 

765 

853.5 

693 

249.5 

640.5 

708.5 

767 

854.5 

696.5 

265.5 

642 

768.5 

855.5 

697.5 

281.5 

644 

770.5 

858 

699 

286.5 

645.5 

772 

859 

700.5 

290.5 

646.5 

714.5 

774 

860 

298.5 

648 

716 

776 

861 

908.5 

300.5 

649 

717 

777 

873.5 

909.5 

306.5 

650.5 

718.5 

780.5 

874.5 

912 

314.5 

652 

720.5 

781 .5 

875.5 

916.5 

322.5 

653.5 

722 

783 

876.5 

917.5 

346.5 

655.5 

723.5 

784.5 

902.5 

918.5 

366.5 

657 

724.5 

785.5 

903.5 

919.5 

369.5 

658.5 

726 

787 

904.5 

920.5 

372.5 

660 

728 

788.5 

905.5 

921 .5 

374.5 

661.5 

729.5 

789.5 

906.5 

922.5 

377.5 

663.5 

730.5 

790.5 

907.5 

382.5 

665 

732 

791 .5 

387.5 

666.5 

733 

792.5 

389.5 

668 

734.5 

793.5 

392.5 

669.5 

736 

794.5 

395.5 

671.5 

737.5 

795.5 

397.5 

674 

739.5 

796.5 

399.5 

676 

741 

797.5 

677 

742.5 

800 

622.5 

679.5 

744 

801 

623.5 

681 

745.5 

802 

624.5 

683 

747.5 

80? 

626 

749 

804 

628 

750.5 

805 

629.5 

752 

806 

630.5 

753.5 

807 
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TittLE  III 

LIST  "B"  FREQUENCIES 

(allotted  to  1(GE)  Corps  and  1 (BE)  Corps) 


Fornatio 

n  HQ  Linlos 

Trunk  Links 

Spares 

236.5 

634 

MSM 

757 

849 

685 

238.5 

636 

759 

850 

687.5 

240.5 

637.5 

705 

760.5 

851 

689 

244.5 

638.5 

706 

762.5 

852 

691 

246.5 

640 

707 

764 

853 

692.5 

248.5 

641 

708 

766 

854 

696 

264.5 

642.5 

709 

768 

855 

697 

272.5 

644.5 

710.5 

769 

856 

698 

285.5 

646 

712.5 

771.5 

858.5 

700 

287.5 

647.5 

714 

773 

859.5 

701 

294.5 

648.5 

715.5 

775 

860.5 

299.5 

649.5 

716.5 

776.5 

861 .5 

909 

302.5 

651.5 

718 

780 

874 

910 

311.5 

652.5 

720 

781 

875 

912.5 

320.5 

654.5 

721 .5 

782 

876 

917 

325.5 

656.5 

722.5 

784 

877 

918 

360.5 

657.5 

724 

785 

903 

919 

367.5 

659.5 

725 

786 

904 

920 

370.5 

660.5 

726.5 

788 

905 

921 

373.5 

662.5 

728.5 

789 

906 

922 

376.5 

664.5 

730 

790 

907 

923 

378.5 

665.5 

731.5 

791 

908 

386.5 

667.5 

732.5 

792 

388.5 

668.5 

733.5 

793 

390.5 

670.5 

735.5 

794 

394.5 

673 

736.5 

795 

396.5 

675 

738.5 

796 

398.5 

676.5 

740.5 

797 

678.5 

741.5 

798 

623 

680 

743.5 

800.5 

624 

682 

744.5 

801.5 

625 

684 

746.5 

802.5 

626.5 

748.5 

803.5 

628.5 

749.5 

804.5 

630 

751.5 

805.5 

631.5 

752.5 

806.5 

632.5 

754.5 

807.5 
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g.  Each  corps  has  absolute  control  over  the  assignment  of 
frequencies  to  its  ovm  communication  system  and  the 
amount  of  co-ordination  required  between  adjacent  corps 
is  minimal. 

Application  of  the  Plan  and  Results  Achieved 

35.  A  frequency  assignment  was  made  to  each  corps  communication 
system  in  turn,  independently  of  the  other  corps  systems.  Frequencies 
were  first  assigned  to  Formation  HQ  links  and  then  to  trunk  links, 
using  the  relevant  frequency  lists. 

a.  Assignment  to  Formation  HQ  Links 

(1 )  Only  68  frequencies  are  available  for  Formation  HQ 
links,  28  of  which  are  in  the  beuid  225-400  Mc/s  and 
40  in  the  band  622-790  Mc/s.  In  order  to  make  one 
pair  of  the  lower  frequencies  available  to  each 
Formation  HQ  most  requiring  them,  and  also  to  provide 
some  reserve  frequencies  for  possible  additional 
formations  and  other  contingencies,  it  was  decided 

to  include  a  number  of  the  rearmost  HQ  in  the  trunk 
system  for  frequency  assignment  purposes.  In  most 
cases  it  was  sufficient  to  treat  only  the  four  links 
to  Main  Corps  HQ  and  two  links  to  Rear  Corps  HQ  in 
this  way,  but  in  a  corps  with  a  large  number  of 
formations  (such  as  the  German  Corps),  it  was  necessary 
to  include  c»ie  of  the  Rear  Division  HQ.  There  is  an 
added  advantage  in  including  the  four  links  to  Main 
Corps  in  the  trunk  system  as  the  compatibility  of 
frequencies  at  the  Corps  HQ  terminal  is  better 
assured  by  use  of  the  Quadrant  Plan. 

(2)  To  obtain  maximum  frequency  separation  in  each 
divisional  area,  frequencies  in  rising  order  were  ear¬ 
marked  for  assignmott  in  turn  to  divisions  from  left 
to  right  of  each  corps  front.  Table  IV  (overleaf) 
shows  this  arrangement  for  a  typical  corps  of  three 
divisions,  together  with  the  pairing  of  frequencies 

in  each  band  ready  for  assignment  to  links  as  receive 
frequencies. 

(3)  Frequency  pairs  in  the  lower  band  were  assigned  to 
Formation  HQ  working  links  and  pairs  in  the  higher 
band  to  alternate  links,  as  shown  in  Table  IV.  In 
every  case  the  lower  frequency  of  each  pair  was 
assigned  at  the  Formation  HQ  end  of  the  link.  (it  is 
not  important  at  trtiich  end  of  the  link  the  lower 
frequency  is  assigned  but  it  must  be  assigned  at  the 
same  end  of  every  link,  otherwise  frequency  compati¬ 
bility  will  be  prejudiced. ) 

(4)  The  frequencies  assigned  to  Formation  HQ  links  can 
remain  in  use  irrespective  of  movement  or  change  of 
nodal  point.  They  will,  however,  be  subject  to  nemnl 
change  at  preselected  times. 

b.  Assignment  to  Trunk  Links 

(1 )  Frequoicies  were  assigned  in  accordance  with  the 

modified  Quadrant  method,  described  in  Annex  "C,  to 
all  trunk  links  and  the  remaining  Formation  HQ  links. 
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TifflLE  IV 


DISTRIBUTION  TO  DIVISKWS  AND  PAIRING  OF  FORMATION  HQ  LINX  FREQUENCIES 

using  List  "A"  frequencies 


Left  Division  H  Centre  Division 
(3  Brigades  )  11  (3  Brigades) 


Right  Division 
(2  Brigades) 


Distribution  of  Formation  Headquarter  Link 

1  Frequencies 

235.5 

622.5 

237.5 

623.5 

239.5 

241.5 

626 

245.5 

628 

247.5 

249.5 

630.5 

265.5 

632 

281 .5 

286.5 

634.5 

290.5 

636.5 

298.5 

300.5 

639.5 

306.5 

640.5 

314.5 

322.5 

644 

346.5 

645.5 

366.5 

369.5 

648 

372.5 

649 

374.5 

377.5 

652 

382.5 

653.5 

387.5 

389.5 

657 

392.5 

658.5 

395.5 

397.5 

661 .5 

666.5 

671.5 
677 

683 

399.5 

663.5 

668 

674 

679.5 

624.5 

629.5 
633 
638 
642 

646.5 

650.5 

655.5 
660 
665 

669.5 
676 
681 


Pairing  of  Formation  Headquarter  Link  Frequencies 


ent  as  Receive  Frequencies 


249.5  -  377.5 

286.5  -  389.5 

300.5  -  397.5 


Alternate  Links 


622.5 
626 

630.5 

634.5 

639.5 


652 

657 

661.5 

666.5 

671.5 


645.5  -  679.5 


644  -  677 
648  -  683 


623.5  -  649 

653.5 


314.5 

642  -  676 

646.5  -  681 

650.5 


£21^  It  is  possible  for  more  than  one  working  or  alternate  link  to 
connect  into  a  single  nodal  point  and  the  frequency  pairs 
assigned  to  these  links  must  therefore  be  compatible.  The 
method  of  pniriaf  ^oun  at  a.  and  b.  above  aswree  that 
the  mtnti—  permissible  frequency  separations  are  maintained 
for  any  coObination  of  pairs  within  each  of  the  divisional 
areas. 
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(2)  In  the  case  of  flank  links  interconnecting  the 
various  corps  networks,  receive  frequencies  were 
assigned  as  if  by  each  corps  to  its  own  end  of  the 
links.  The  only  condition  for  this  method  to 
assure  frequency  compatibility  is  that  the  nodal 
points  linked  shall  not  be  assigned  the  same  letter 
A,  B  or  M.  In  practice  this  can  be  achieved  by  a 
stemding  arrangement  mutually  agreed  between  the 
corps  concerned,  but  vrtiatever  method  is  adopted,  some 
co-ordination  between  corps  is  essential,  both  as 
regards  lettering  of  the  nodal  points  concerned  and 
the  subsequent  notification  to  each  other  of  the 
frequencies  assigned. 

36.  The  frequency  assignments  were  studied  both  as  individual 
corps  assignments  and  also,  combined,  as  an  Army  Group  frequency 
assignment  to  the  entire  Forward  Combat  Zone  of  NORTHAG.  The  results 
were  as  follows: 

a.  Frequency  Separation 

All  frequency  compatibility  rules  were  fully  met  except 
for  an  average  of  one  case  of  30  Hc/s  euid  one  of  60  Kc/s 
undesirable  separation  in  each  corps  system.  There  were 
no  cases  of  two  transmitters  at  a  nodal  point  being 
assigned  the  same  frequency. 

b.  Frequency  Repetition 

Laterally,  across  the  Army  Group  front,  no  frequency  vas 
repeated  at  less  than  about  80  km.  Within  corps  boundaries, 
no  frequency  was  repeated  at  less  than  about  60  km  but 
this  distance  was  achieved  only  by  considerable  care  and 
time-consuming  trial  and  error  on  the  part  of  the  fre¬ 
quency  assigner. 

c.  Redeployments 

The  same  war  game  redeployments  of  the  British  Corps 
communication  system  were  used  as  in  the  earlier  appli¬ 
cation  of  the  Quadrant  Plan.  By  comparison,  they 
presented  little  problem  as  the  Formation  HQ  were  able 
to  move  at  will  without  reference  to  the  frequency 
assigner.  However,  it  should  not  be  overlooked  that 
redeployment  involving  nodal  points  could  be  on  such  a 
scale  as  to  necessitate  a  complete  re-assignment  of 
frequencies  to  the  whole  communication  system.  As  in 
the  case  of  the  Quadrant  Plan  (Paragraph  20  c),  re¬ 
deployments  sometimes  result  in  nodal  points  having  the 
same  letter  A,  B  or  N  being  linked  together.  This  can 
be  overcome  by  using  spare  frequencies  at  both  ends  of 
such  links. 

d.  Cross-Linking 

The  same  remarks  apply  as  for  the  Quadrant  Plan  (see 
Paragraph  20  d}. 

e.  Expansion  of  Ccamunication  Systems 

The  same  rosarks  apply  as  for  the  Quadrant  Plan  (see 
Paragraph  20  e). 
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f.  Assignment  Time 

After  making  all  necessary  preparations,  it  took  2-2^ 
hours  to  make  an  initial  assignment  of  frequencies  to 
the  trunk  communication  system  for  a  corps  area. 

However,  as  the  assignments  in  each  corps  can  be  made 
independently  and  therefore  concurrently,  the  assignment 
time  required  for  an  Army  Group  is  also  2-2^  hours. 

The  time  taken  to  re-assign  frequencies  as  a  result  of 
the  war  geime  redeployments  was  about  15  minutes,  including 
essential  preparations.  However,  this  could  increase 
to  2-2^  hours  in  addition  to  the  time  required  for 
preparations  (about  1  hour)  in  circumstances  re¬ 
quiring  a  re-assignment  of  frequencies  to  the  whole 
communication  system. 

37.  Sumwarv  of  Results 

a.  The  frequency  compatibility  rules  were  broadly  met. 

b.  Frequency  repetition  distances  were  not  less  than  60  km 
in  any  direction. 

c.  Redeployment  on  a  normal  scale  were  no  problem  to  the 
frequency  assigner;  on  a  scale  necessitating  re¬ 
assignment  to  a  complete  system,  the  time  required  is 
likely  to  be  unacceptable. 

d.  Cross-linking  of  nodal  points  and  expansion  of  communi¬ 
cation  systems  posed  minor  problems  vrtiich  were  readily 
solved. 

e.  The  time  required  for  frequency  assignment  to  all  or 
individual  corps  communication  systems  was: 

2-2j  hours  for  an  initial  deployment. 

15  minutes  for  subsequent  war  game  deployments, 
but  this  could  be  very  much  longer  for  major  redeploy¬ 
ments. 

Discussion  of  Results 

38.  The  results  of  applying  the  modified  Quadrant  Plan  in  con¬ 
junction  with  frequency  grouping  were  encouraging  and  it  appeared 
that  this  method  of  frequency  assignment  within  an  Army  Group 
could  go  far  towards  meeting  the  aim  of  the  study. 

39.  However,  the  plan  has  two  related  drawbacks  which,  although 
not  sufficiently  serious  to  render  the  method  ineffective,  are 
likely  to  pose  vexatious  problems  for  the  frequency  assigner. 

They  are: 

a.  The  amount  of  laborious  and  time-consuming  trial  and 
errw  required  by  the  frequency  assioier  to  avoid 
premature  repetition  of  frequencies  (see  Paragraph  36  b). 
This  entails  moving  as  many  as  half  of  the  nodal  points 
from  their  appointed  quadrant  squares  to  any  one  of  the 
adjacent  squares  (eight  in  each  case  )  which  gives  a 
satisfactory,  although  not  necessarily  the  best, 
solution. 
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b.  The  excessive  time  required  to  re-assign  frequencies  to 
the  whole  of  a  corps  ccanmunication  system  as  a  result  of 
a  major  redeplo)rment,  particularly  an  unpremeditated  one. 

This  would  be  3-3^  hours  (see  Paragraph  36  f)  and  although 
such  cases  are  likely  to  be  rare,  they  cannot  be  ignored. 

The  time  required  for  assigning  frequencies  on  initial 
deployment  is  usually  of  little  consequence  as  plans  are 
made  well  in  advance.  However,  in  the  case  of  redeployments, 
many  of  which  are  likely  to  be  unpremeditated,  time  will  be 
of  greater  significance  and  the  aim  should  be  to  re-assign 
frequencies  at  least  as  quickly  as  the  redeployments  can 
be  accomplished  physically. 

39.  The  study  was  therefore  continued  with  a  view  to  eliminating 
these  drawbacks,  both  of  which  result  from  use  of  the  quadrant  overlay 
by  a  central  frequency  assigner. 

40.  As  stated  in  Paragraph  19,  the  Quadrant  Plan  has  three  main  aims. 
It  has  been  shown  that  the  plan,  as  now  modified  and  used, 

a.  still  broadly  meets  the  first  aim  of  assuring  compatibility 
of  frequencies  at  every  nodal  point; 

b.  fails  to  meet  the  second  aim  of  assuring  adequate  fre¬ 
quency  repetition  distances,  although  this  may  be  overcome 
by  using  a  central  frequency  assigner; 

c.  fails  to  meet  the  third  aim  of  decentralised  assignment 
because  of  the  repetition  problem  above. 

41 .  Therefore  the  Modified  Quadrant  Plan  is  used  solely  to  fix 
frequency  separations  between  transmitters  and  receivers,  and  receivers 
and  receivers,  at  nodal  points.  As  stated  in  Paragraph  19a,  the  A-B-M 
method  incorporated  in  the  plan  sets  the  transmitter-receiver  frequency 
separation.  The  receiver-receiver  frequency  separation  alone  is  set  by 
the  quadrant  overlay  and  this  is  the  only  purpose  the  quadreuit  overlay 
now  serves. 

42.  However,  the  same  result  can  be  achieved  by  further  grouping  of 
the  frequencies  in  the  A-B-M  pattern  to  set  the  receiver-receiver 
frequency  separation,  thus  retaining  all  the  useful  features  of  the 
(kudrant  Plan  but  dispensing  with  the  quadrant  overlay.  This  new  plan 
is  discussed  in  the  following  section. 


THE  MODIFIED  A-B-M  PLAR  AMD  FEEQUERCIT  GBOUPIHQ 
The  Modified  A-B-M  Plan 

43.  A  description  of  the  Modified  A-B-M  Plan  and  the  method  of 
applying  it  to  frequency  assignment  are  given  at  Annex  "D". 


44.  The  method  of  grouping  frequencies  for  use  in  the  respective  corps 
areas  is  the  same  as  that  used  in  conjunction  with  the  Modified  Quadrant 
Plan  and  explained  in  Paragraph  31 . 
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45.  This  plan  in  no  way  detracts  from  the  desirable  features  of  the 
Modified  Quadrant  Plan  listed  in  Paragraph  34.  It  does,  however,  intro¬ 
duce  the  following  additional  features: 


,  a.  All  the  data  necessary  for  the  assignment  are  contained  «i 
one  piece  of  paper,  which  also  serves  as  a  record  of  fre¬ 
quencies  assigned.  The  plan  is  extremely  simple  to  operate. 


b.  The  preparations  necessary  before  making  an  assignment  are 
greatly  reduced  as  no  quadrant  overlay  is  required,  nor  is 
a  diagram  of  the  network  drawn  accurately  to  scale.  The 
frequency  assigner  must,  however,  have  a  rough  idea  of  the 
distances  between  nodal  points  and  their  geographic  relation 
to  each  other. 


c.  The  receiver-receiver  frequency  separation  can  be  chosen  at 
any  value  between  1  and  say  4  Mc/s  to  suit  equipment  or 
radiated  power  requirements.  Generally,  the  greater  the 
separation,  the  less  chance  there  is  of  interference. 

d.  Nodal  points  are  no  longer  confined  to  a  maximum  of  8  links. 
The  number  can  be  increased  to  10  at  a  receiver-receiver 
separation  of  3  Mc/s,  or  to  16  at  a  separation  of  2  Mc/s 
using  a  96-frequency  list. 

e.  Maximum  possible  frequency  repetition  distances  can  be 
achieved.  This  is  because  the  frequency  assigner  can  now 
see  at  a  glance  vdiere  he  previously  used  a  frequency  and 
can  select  the  one  used  f«krthest  away.  If  considered 
desirable,  the  maximum  repetition  distance  within  corps 
communication  systems  can  be  reduced  simply  by  reducing  the 
number  of  frequencies  in  the  A-B-M  lists  from  96  to  not  less 
than  60. 


f.  Available  frequencies  are  used  in  such  a  way  as  to  reduce 
frequency  re-use  to  a  minimum.  Again,  this  is  because  the 
frequency  assigner  can  see  at  a  glance  all  the  unused 
frequencies  and  can  arrange  to  use  the  majority  of  them 
before  resorting  to  repetition. 

• 

Application  of  the  Plan  and  Results  Achieved 

46.  A  frequency  assignment  was  made  to  each  of  the  corps  communication 
systems  in  turn.  Assignment  to  Formation  HQ  links  was  made  in  exactly 
the  same  way  as  explained  in  Paragraph  35  a.  Assignment  to  trunk  links 
was  in  accordance  with  the  Modified  A-B-N  Plan  described  in  Annex  "D". 


47.  The  actual  assignsients  made  to  the  respective  corps  communication 
systems  are  reproduced  at  the  following  Annexes: 

Annex  E.1  -  1(NL}  Corps 

Amnax  B.2  -  l((a)  Corps 

Annex  B.3  -  1(BR)  Corps 

Annex  B.4  -  i(BB)  Corps 

48.  The  frequency  assignments  were  studied  both  from  the  corps  and 
Amqr  Group  aspects.  The  results  were  as  follows: 
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a.  Frequency  Separation 

All  frequency  compatibility  rules  were  fully  met  except 
for  isolated  cases  of  undesirable  separations  of  30  Hc/s 
or  60  Mc/s.  These  were  remedied  by  substituting  suitable 
frequencies  from  the  A-B-M  list  or  spare  frequency  list. 

b.  Frequency  Repetition 

Iiaterally,  the  frequency  repetition  distance  remained  the 
same  as  for  the  Modified  Quadrant  Plan,  at  not  less  than 
80  km.  Within  corps  boundaries,  no  frequency  was  repeated 
at  less  than  80  km. 

c.  Redeployments 

The  same  war  game  redeployments  of  the  British  Corps 
ccmmunication  system  were  used  as  previously.  Re¬ 
assignment  of  frequencies  was  very  rapid  and  presented 
no  problem.  A  redeployment  involving  re-assignment 
of  frequencies  to  the  whole  of  a  corps  communication 
system  would  no  longer  pose  a  problem  as  it  would  be  completed 
more  quickly  than  the  redeployment  could  be  accomplished 
physically. 

d.  Cross-Linking 

The  same  remarks  apply  as  for  the  Quadrant  Plan  (see 
Paragraph  20  d). 

e.  Expansion  of  Communication  Systems 

The  same  remarks  apply  as  for  the  Quadrant  Plan  (see 
Paragraph  20  e). 

f.  Assignment  Time 

After  making  all  necessary  preparations,  it  took  J  hour 
to  make  an  initial  assignment  of  frequencies  to  the 
trunk  comnunicati^  system  in  each  corps  area.  If  assign¬ 
ments  are  made  simultaneously  in  each  corps  area,  the 
time  required  for  an  Army  Group  is  also  ^  hour.  For  re¬ 
assignment  of  frequencies  necessitated  by  the  war  game 
redeployments,  the  time  taken  was  about  5  minutes, 
including  essential  prepau'ations .  A  major  redeployment 
requiring  complete  re-assignment  of  frequencies  to  a 
corps  communication  system  would  entail  drawing  the  new 
system  roughly  to  scale  and  assigning  the  letters  A,  B 
or  M  to  nodal  points  (i  hour)  and  re-assigning  frequencies 
(^  hour);  taking  a  total  of  y  hour. 

49.  Suinary  of  Results 

a.  The  frequency  coiiq>atibility  rules  were  broadly  met. 

b.  Frequency  repetition  distances  were  not  less  than  80  im 
in  any  direction. 

c.  Redeployments  were  easily  and  quickly  catered  for. 

d.  Cross-linking  of  nodal  points  and  expemsion  of  communi¬ 

cation  systems  posed  minor  problems  vdiich  were  easily 
solved.  ' 
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e.  The  time  required  for  assignment  of  frequencies  to  all 
or  individual  corps  communication  systems  was: 

■J-  hour  for  an  initial  deployment 

5  minutes  for  subsequent  war  game  redeployments, 
but  this  could  increase  to  ^  hour  for  a  redeployment 
of  the  whole  network. 


Discussion  of  Results 


50.  The  results  indicate  that  the  Modified  A-B~M  Plan,  used  in 
conjuncticai  with  frequency  grouping  and  the  number  of  frequencies 
currently  available,  is  a  satisfactory  method  of  assigning  frequencies 
on  an  Army  Group  basis  and  meets  the  aim  of  the  study.  The  study  of 
methods  was  therefore  concluded. 


GENERAL  SUMMARY  OF  ASSIGNMENT  METHODS 


51 .  A  comparative  table  summarizing  the  results  of  assigning  fre¬ 
quencies  using  the  Quadrant  Plan,  the  Modified  Quadrant  Plan  and 
the  Modified  A-B-M  Plan  is  attached  at  Annex  “P". 

52.  It  will  be  noted  that  in  all  cases  the  frequency  compatibility 
rules  are  not  fully  met.  This  is  because  purely  mechanical  operation 
of  any  of  the  three  plans  occasionally  fails  to  comply  with  the 
compatibility  rules  relating  to  undesirable  separations  of  30  Mc/s 
and  60  Mc/s.  However,  these  rare  cases  can  readily  be  spotted  and 
remedied  by  substituting  compatible  spare  frequencies. 

53.  An  analysis  of  the  frequencies  assigned  to  1 (BR)  Corps 
communication  system  using  the  Quadrant  Plan  with  and  without 
central  control,  the  Modified  Quadrant  Plan  and  the  Modified  A-B-M 
Plan  is  attached  at  Annex  "G".  The  actual  frequency  assignments 
are  held  at  DOAE. 

54.  None  of  the  three  methods  requires  more  frequencies  than  are 
currently  allotted  to  NORTHAG  for  use  in  war.  However,  it  is 
desirable  to  have  24  additional  frequencies,  preferably  in  the 
225-400  Mc/s  band,  so  that  all  Formation  HQ  links  in  a  large  corps 
of  4  divisions  and  12  brigades  can  be  assigned  frequencies  separate 
from  the  trunk  link  assignment  (Paragraph  35  a  refers). 


ADDITIONAL  CONSIDERATIONS 
Use  of  High  Power  Radiation 

55.  As  stated  in  Paragraph  6  b,  this  study  assumed  that  radio 
relay  sets  would  operate  on  low  power,  as  reflected  in  the  frequency 
compatibility  rules. 

56.  There  may  be  occasions  iirtjen  the  use  of  high  power  on  a  link 
is  justifiable.  What  effect  this  would  have  on  the  rest  of  the 
coMBUnication  system  cannot  be  determined  accurately  without  a  new 
set  of  compatibility  rules.  However,  the  Modified  A-B-N  method  of 
frequency  assignment  to  trunk  links  would  moderate  the  effect  to 
some  extent  because; 
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a.  A  minimum  transmitter-receiver  separation  of  16  Mc/s 
is  provided  instead  of  10  Mc/s  required  by  the  rules 
pertaining  to  low-power  radio  relay. 

b.  The  minimum  receiver-receiver  .separation  can  be  set 
at  up  to  4  Mc/s  against  1  Mc/s  required  by  the  rules. 

The  greater  the  separation,  the  less  likelihood  there 
is  of  adjacent  channel  interference  at  the  nodal  point 
receiving  the  high-power  transmission. 

c.  The  frequency  repetition  distance  is  the  maximum  possible, 
but  see  Paragraph  58. 

d.  Formation  HQ  working  links,  which  art-  probably  the  most 
likely  to  require  high  power,  operate  in  the  205“400  Mc/s 
band  and  so  are  unlikely  to  cause  interference  to  parent 
communication  systems.  They  could,  however,  interfere 
with  other  corps  using  the  same  frequencies  or,  possibly, 
with  ground-to-air  transmissions  in  the  same  band. 

Frequency  Repetition  Distance 

57*  Opinions  differ  widely  as  to  what  can  be  considered  a  safe 
repetition  distance.  Assuming  frequencies  are  repeated  intelligently, 
as  they  can  be  using  either  the  Modified  Quadrant  Plan  or  the 
Modified  A-B-M  Plan,  there  is  reason  to  believe  that  a  distance  of 
60-80  km  is  more  than  adequate  to  obviate  co-channel  interference. 

58.  It  may  be  proved  in  future  trials  that  the  repetition  distance 
can  safely  be  reduced.  With  the  Modified  A-B-M  Plan,  this  is  .simply 
effected  within  each  Corps  communication  system  by  reducing  the 
number  of  frequencies  in  the  A-B-M  lists.  However,  this  course  is 
not  recommended;  the  repetition  distance  should  always  be  the 
maximum  that  the  available  frequencies  will  allow  in  order  to: 

a.  Facilitate  frequency  assignment  to  new  nodal  points 
vrtiich  may  be  established  inside  an  existing  communi¬ 
cations  system. 

b.  Minimize  the  likelihood  of  co-channel  interference 
should  a  link  be  forced  to  operate  on  high  power. 

Extension  of  the  Frequency  Assignment  Method 

59.  Although  the  detailed  study  of  frequency  assignment  methods 
was  confined  entirely  to  NORTHAG  Forward  Combat  Zone,  thought  was 
also  given  to  other  areas. 

60.  The  area  of  application  of  both  the  Modified  Quadreuit  Plan 
and  the  Modified  A-B-M  Plam  cam  readily  be  extended; 

a.  To  include  the  whole  of  Central  Europe  Forward 
Communication  Zone,  using  the  same  frequency  lists 
as  those  devised  for  HORIHAG  and  allotting  them 
alternately  to  corps  frcrni  left  to  right  across  the 
whole  front. 

b.  On  a  national  basis  to  the  Rear  Combat  Communi¬ 
cation  Zones,  provided  the  assignment  areas  are 
clearly  defined  by  extension  of  corps  boundaries 
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rearwards  and  provided  there  is  adequate  co-ordination 
between  the  separately  controlled  systems  within  these 
boundaries.  Iftitil  there  is  a  firm  communication  plan 
for  the  rearward  areas,  the  problems  of  organization 
and  control  in  general  and  of  frequency  assignment  in 
particular  ceumot  be  studied  objectively. 

61 .  If  rear  links  between  corps  and  Army  Group  use  frequencies 

in  the  same  bands  as  the  corps  systems,  the  assignment  of  frequencies 
to  them  will  require  to  be  co-ordinated  between  Army  Group  and  the 
respective  corps.  In  some  circumstances  it  may  be  found  convenient 
for  corps  to  assign  frequencies  to  these  links. 

Application  of  the  Frequency  Assignment  Method 
to  Corps  Using  Command-Type  Systems  or  a  Mixture 
of  Command  and  Area  Systems _ _ 

62.  The  appropriate  frequency  list,  representing  half  the  available 
frequencies,  c<m  be  issued  to  each  corps  irrespective  of  the  type  of 
communication  system  employed. 

63.  The  method  of  assigning  these  frequencies  to  other  than  area 
communication  systems  can  be  safely  left  to  the  discretion  of  the 
corps  concerned  without  risk  of  prejudicing  the  frequency  assignments 
in  adjacent  corps  areas  or  corps  areas  using  the  same  frequencies. 

Application  of  the  Frequency  Assignmait  Method 
to  Corps  Using  Equipment  in  Higher  or  Lower 
Fre<iuencY  Bands _ _ 

64.  In  this  case  the  frequency  List  A  or  B,  as  appropriate,  need  not 
be  physically  allotted.  However,  it  is  advisable  to  reserve  the 
appropriate  list  in  case  the  corps  is  replaced  at  some  future  time 

by  one  employing  equipment  in  the  frequency  bands  considered  by  this 
study.  For  example,  if  the  German  Corps  chooses  to  use  equipment  in 
the  1500  Mc/s  band,  the  allottment  of  frequency  lists  would  be; 

List  A  to  1 (NL)  Corps. 

Nil  to  1(GE)  Corps;  List  B  reserved. 

List  A  to  1(BR)  Corps. 

List  B  to  1 (be)  Corps. 

65.  It  is  possible  that  a  corps  using  a  different  frequency  beuid 
could  cause  or  suffer  harmonic  interference,  depending  on  whether 
the  frequency  band  is  lower  or  higher  than  that  used  in  adjacent 
corps  areas. 

Transfer  of  a  Division  from  One  Corps  to  Another 

66.  On  leaving  the  old  corps,  the  division  relinquishes  all  its 
frequencies.  Hew  frequencies  for  trunk  emd  Formation  HQ  links  will 
be  assigned  by  the  new  corps. 

Transfer  of  a  Corps  from  One  Army  Group  tc  Another 
or  the  Addition  of  a  Mew  Corps  to  an  Army  Group _ 

67.  The  corps  transferred  or  added  will  be  allotted  the  frequency 
list  appropriate  to  its  new  position  euid  all  corps  to  right  or  left. 
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whichever  involve"?  least  change,  will  require  to  change  to  new 
frequency  lists  at  a  specified  time^ 

68.  The  transfer  of  a  corps  or  the  addition  of  a  new  corps 
would  take  a  considerable  time  to  plan  and  execute,  giving  ample, 
opportunity  for  the  frequency  as? igners  to  make  new  assignments.. 

A  simple  method  is  to  replace  each  frequency  assigned  from  the.  old 
list  by  its  corresponding  frequency  in  the  new  list,  the  frequency 
difference  in  most  cases  is  only  0.5  Mc/s,  which  minimizes  the  time 
required  for  a  network  frequency  change.  The  inclusion  of  an 
additional  corps  on  an  Army  Group  front  may  result  in  reducing  the 
minimum  frequency  repetition  distance  laterally  but  not,  it  is 
thought,  sufficiently  to  prejudice  the.  assignment  method. 

Divisional  Control  of  Frequency  Assignment 

69.  It  is  known  that  .some  national  armie.s  delegate  to  division? 
the  responsibility  for  frequency  assignment  to  divisional  communi¬ 
cation  systems.  Neither  the  Modified  Quadrant  Plan  nor  the  Modifje-d 
A-B-M  Plan  lends  itself  to  decentralised  application  to  the  trunk 
communication  system,  which  must  be  treated  a?  a  fully  integrated 
vrtiole,  but  responsibility  for  assigning  Formation  HQ  link  fre'V.Uf=ncies 
might  well  be  delegated  to  division?. 

70.  The  frequency  grouping  asscciated  with  both  the  Modified 
Quadrant  Plan  and  the  Modified  A-B-M  Flan  makes  it  possible  for  a 
corps  to  devise  any  method  of  frequency  assignment  that  be'^t  suit"' 
its  purposes,  provided  that  it  demand?  no  more  frequencies  than 
are  included  in  the  allotted  frequency  lists. 

Fixed  UHF  Stations  in  North-Vest  Europe 

71.  No  information  is  available  regarding  fixed  civil  and  military 
UlIF  station?,  in  North-West  Europe  which  will  continue;  to  operate  in 
war.  This  study  has  therefore  not  taken  into  account  the  po?"- ability 
of  mutual  interference  between  such  in.?tallations  and  the  military 
mobile  radio  relay  communication  systems. 

Frequency  Assignments  for  Peacetime  Exercising 
of  Communication  Systems _ _ 

72.  The  frequencies  available  to  NORTHAG  for  peacetime  u-^e  6f 
military  mobile  radio  relay  are  as  follow""  ■ 

Band  225-400  Mc/s  57 

Band  790-960  Mc/s  -  96 

Total  1  5  • 

75.  These  are  clearly  inaaequat""  to  enable  all  corps  communic ati on 
systems  to  operate  simulteineously  but  it  is  considered  unlikeiy,  tor 
reasons  of  security,  admini.stration.  troop  welfare,  etc..,  that  thert- 
would  be  a  requirement  to  establish  corps  radio  relay  communication 
systems  on  a  permanent  basis  m  peacetime..  The  resuiiement  is  more 
likely  to  be  to  exercise  individual  corf'  communical  , on  'y't'^m' 
periodically. 

7-1.  There  are  two  po.ssible  way?  of  achieving  this 

a.  By  allotting,  temporarily,  ail  the  avaiiablc  ri'  iur^-nc-'*' 
on  a  priority  or  non-interference  basi^t,  a,-  apfrofirat' 
to  the  corps  being  exercis<-d.  The  57  fre  uenci'  jn  th' 


SECRET 


i 


SECRET 


lower  band  are  sufficient  for  assignment  to  the  Formation 
HQ  links  of  3  divisions  and  8  brigades.  The  96  frequencies 
in  the  higher  band  can  then  be  assigned  to  trunk  links 
by  the  Modified  A-B-M  Plan,  using  say  84  frequencies  and 
leaving  12  spares;  these  frequencies  are  sufficient  for 
a  full  corps  network  with<»it  excessive  repetition.  In 
the  lower  frequency  band  the  chamnel  separation  is  at 
least  1  Mc/s  but  mainly  only  0.5  Mc/s  in  the  higher 
frequency  band.  However,  using  the  Modified  A-B-M  Plan, 
it  is  not  difficult  to  achieve  the  mininaun  frequency 
separations  required  at  most  nodal  points.  Use  of  this 
method  of  frequency  assignment  would  enable  two  or  more 
corps  to  exercise  simultaneously,  provided  they  are  given 
adequate  geographic  spacing.  The  Modified  Quadrant  Plan 
is  unsuitable  in  this  case  as  it  requires  96  frequencies, 
leaving  no  essential  spares. 

b.  By  exercising  during  periods  vrtien  national  television 
broadcasting  is  closed  down  (e.g.  at  night)  and  using 
a  sufficient  number  of  frequencies  in  the  622-790  Mc/s 
band  to  supplement  the  peacetime  frequencies  normally 
allotted  to  the  corps.  The  communication  links  could 
be  engineered  on  a  phased  programme  curing  daytime, 
using  the  frequencies  normally  allotted  to  the  military. 

This  method  would,  of  course,  require  the  agreement  of 
the  national  broadcasting  authorities  concerned. 


CONCLUSIONS 


The  main  conclusions  arising  fron  the  study  are: 

a.  The  Modified  A-B-M  Plan,  in  conjunction  with  frequency 
grouping,  is  the  most  suitable  manual  method  of 
assigning  a  limited  number  of  frequencies  to  military 
radio  relay  area  communication  systems  in  the  Forward 
Combat  Zone  of  an  Army  Group. 

b.  This  plan  appears  to  make  possible  the  assignment  of 
frequencies  to  area  communication  systems  of  the 
ALLERTON  (HOBART )  type,  if  used  by  all  corps  in  Europe, 
within  the  frequencies  currently  allotted  to  the  military 
in  war  in  bands  225-960  Mc/s  (but  see  sub-paragraph  c 
below).  Adoption  of  the  pleui  would  involve  re-allocation 
of  frequencies  by  Army  Groups  to  the  respective  corps. 

c.  It  is  desirable  to  have  24  additional  frequencies, 
preferably  in  the  band  225-400  Mc/s ,  so  that ,  even  in 
the  largest  corps,  all  Formation  HQ  links  can  be  assigned 
frequencies  separate  from  the  trunk  link  assignment 
(vide  Paragraph  35  a). 

d.  As  stated  in  Paragraph  57,  based  on  the  best  information 
currently  available  there  is  reason  to  believe  that  a 
frequency  repetition  distance  of  60-80  km  is  more  than 
adequate  to  obviate  co-channel  interference.  It  would, 
however,  be  of  advantage  to  determine  the  extent  to 
%rtiich  this  distance  c«m  safely  be  reduced  e»nd  to  this  end 
it  is  considered  desirable  for  trials  to  be  carried  out 
on  the  ground. 
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76. 


RECOMMENDATIONS 

It  is  recommended  that. 

a.  The  results  of  this  study  ar*:  communicated  to  the 
national  authorities  and  NATO  Headauarters  concerned, 
noting  that,  in  the  planning  of  area  communication 
systems,  satisfactory  operation  will  be  possible  within 
the  frequencie.s  currently  available  to  the  military 

in  war  provided  that  unanimous  agreement  is  given  to 
the  allocation  of  frequency  li‘'ts,  similar  to  A  and  B 
used  in  this  study,  to  all  corps  in  Central  Europe, 
irrespective  of  the  method  of  frequency  assignment  to 
be  used  within  each  corps  (Paragraphs  31-33  refer). 

If  this  recommended  allocation  of  frequencies  is 
implemented,  the  Modified  A-B~M  Plan  (Paragraph  43 
et  seq)  should  be  adopted  as  the  standard  manual 
method  of  assigning  frequencies  to  corps  area  communica¬ 
tion  systems:  if  it  is  not  implemented,  it  is  impracti¬ 
cable  for  any  corps,  unilaterally,  to  use  the  Modified 
A-B-M  Plan  or  any  other  plan  as  envisaged  in  this  study. 

b.  Steps  are  taken  by  SHAPE  to  secure  at  least  24  additional 
frequencies,  as  many  as  possible  in  the  l';'’5-400  Mc/s 
band,  so  that  all  Formation  HQ  links  can  be  assigned 
frequencies  separate  from  the  trunk  link,  assj  grtments 
(Paragraph  35a  and  75c  refer). 

c.  Nations  concerned  should  develop  or  use  equipment  whose 
spectrum  signature  is  at  least  as  "clean*'  as  that 
predicted  for  AN/GRC~'103  (vide  Paragraph  10-'.  2). 

d.  Trials  on  the  ground  are  carried  out  as  soon  as  possible 
to  reduce  the  uncertainty  regarding  the  minimum 
distance  at  which  co-channel  repetition  of  frequencies 
is  possible  (Paragraphs  57,  58  and  75d  refer). 
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AXNEX  "A" 

THE  SIX-WAY  LIKEAR  LATTICE  METHOD 
OF  FREQUENCY  ASSIQMMENT 


Description 

A.1.  A  typical  example  of  a  six-way  linear  lattice  is  attached 
at  Appendix  A.1 . 

A. 2.  The  lattice  pattern  represents  an  idealized  system  of  com¬ 
munication  links  and  is  drawn  sufficiently  large  to  cover  the.  whole 
of  the  assignment  area,  with  liiik  lengths  approximately  equal  to 
the  average  length  of  communication  links. 

A. 3.  Transmitter  frequencies  are  pre-assigned  to  the  six  links 
at  each  node  in  the  lattice  and  when  all  available  frequencies 
have  been  used  once,  they  are  systematically  re-u-sed  in  a  repetitive 
pattern. 


A. 4.  The  number  of  frequencies  required  to  operate  the  lattice 
method  is  governed  by  the  minimum  frequency  repetition  distance 
necessary.  The  following  are  examples  of  the  basic  repetition 
distance/frequencies  required  relationship  when  using  10-km  lattice 
links: 


A  repetition  distance  of  50  km  requires  150  frequencies 

A  repetition  distance  of  60  km  requires  T’.IS  frequencies 

A  repetition  distance  of  70  km  requires  ;-'94  frequencie.s 

A  repetition  distance  of  80  km  requires  ?84  frequencies. 

However,  because  of  the  need  to  distort  the  lattice  to  correspond 
to  the  communication  layout  (vide  Paragraph  A,6),  the  actual 
repetition  distance  after  assignment  may  vary  considerably  from 
the  basic  repetition  distance  on  which  the  lattice  assignment  was 
plcumed  and  allowance  must  be  made  for  this. 

Method  of  Assignment 

A. 5.  Available  frequencies  are  arranged  in  pairs  drawn  from  two 
equal  blocks  of  frequencies  so  that  the  separation  between  the 
frequencies  in  each  pair  exceeds  twice  the  intermediate  frequency 
of  the  receivers  in  use.  This  obviates  the  ma.-jority  of  receiver 
spurious  responses.  The  frequency  pairs  are  then  assigned  to  all 
lattice  links  by  an  iterative  process  so  that. 

a.  At  each  nodal  point  4  transmit  frequencies  are  in  the 
block  of  higher  freouenci'^s  ani  two  in  the  block  of 

lower  frequencies,  or  vice  versa,  indicated  by  the 
high  and  low  (h/l)  markings  at  Aj:pendi>  A.:. 

b.  The  frequency  separations  within  nodal  points  and 
individual  vehicles  satisfy  the  separation  rule'^. 


t 


SECRET 


SECRET 


A. 6.  Hext  the  lattice  is  distorted  so  that  its  nodes  correspond 
to  the  nodal  points  in  the  communication  layout.  "Holes''  (unused 
nodes)  in  the  lattice  should  be  avoided  as  they  cannot  be  bridged 
by  links,  although  peripheral  nodes  may  be  unused.  Links  in  the 
communication  network  are  now  identified  with  appropriate  lattice 
links  and  assume  the  frequencies  already  assigned  to  the  latter. 

A. 7.  Redeployment  of  a  nodal  point  entails  the  following: 

a.  If  the  move  is  from  one  peripheral  position  in  the 
network  to  another,  the  nodal  point  is  associated 
with  an  appropriate  node  in  the  lattice  and  its  new 
links  are  assigned  the  same  frequencies  as  the  corres¬ 
ponding  lattice  links.  No  other  nodal  point  is 
involved  in  a  general  frequency  change. 

b.  For  all  other  moves  it  is  necessary  to  distort  the 
lattice  pattern  so  that  it  corresponds  to  the  modified 
network,  and  to  re-assign  frequencies  in  the  way 
already  described.  This  involves  a  number  of  nodal 
points,  in  addition  to  the  one  which  is  moving,  in  a 
general  frequency  change. 

An  Alternative  Method  of  Assignment 

A. 8.  When  the  number  of  frequencies  available  is  insufficient 
to  assure  the  repetition  distance  required  using  the  method  des¬ 
cribed  above,  it  is  possible  for  the  Six-Way  Linear  Lattice  to 
be  used  for  frequency  assignment  in  a  different  way. 

A. 9.  Instead  of  pre-assigning  frequencies  to  the  whole  lattice, 
assignments  are  made  directly  to  the  communication  links,  using 
the  lattice  as  a  guide. 

A. 10.  The  frequencies  are  paired  as  described  in  Paragraph  A. 5 
and  the  lattice  distorted  to  correspcaid  to  the  communication 
network  as  described  in  Paragraph  A. 6.  Transmit  frequencies  are 

then  assigned  to  the  communication  links  ,in  accordance  with  the 
H/L  markings  on  the  corresponding  lattice  links. 

A.11 .  This  method  has  the  advantage  of  being  operable  when  the 
number  of  available  frequencies  is  very  limited.  However,  because 
assignment  is  now  arbitrary,  does  not  accord  with  any  pattern,  and 
frequency  repetition  distauices  are  no  longer  fixed,  central  control 
of  assignment  over  the  whole  operational  area  is  necessary.  This 
would  be  possible  for  «ui  isolated  corps  system  but  central  control 
of  assignment  on  an  Army  Group  basis  would  be  impracticable. 

Control  of  assignment  could  be  delegated  to  corps,  if  adjacent 
corps  use  separate  frequency  lists,  but  the  circumstances  in  which 
this  alternative  method  would  be  considered  (vide  Paragraph  A. 8) 
are  likely  to  preclude  the  allotment  of  separate  frequency  lists 
to  adjacent  corps. 
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AKNEX  "B" 

THE  QUADRANT  PLAN 


Outline  Description 

B.1 .  The  Quadrant  Plan  is  designed  to  control  the  separation  of 
frequencies  assigned  to  radio  relay  communication  systems  in  both 
frequency  and  distance  without  the  necessity  for  extensive  co¬ 
ordination  or  rigid  central  control. 

B.2.  The  ground  over  which  frequencies  are  to  be  assigned  is 

divided  into  assignment  areas  called  "squares".  Nine  of  these 
squares  make  up  a  quarter  quadrant,  four  quarters  form  one  quadrant, 
and  four  quadrants  form  the  basis  of  a  repetitive  pattern.  The 
arrangement  is  shown  at  Appendix  B.1. 

B.3.  The'  size  of  the  quadrant  s.quare  is  not  critical  but  the 
length  should  be  rather  less  than  the  average  length  of  links  m 
the  communication  system.  Whenever  practicable,  it  is  convenient 
for  the  quadrant  square  to  be  the  same  size  as  the  grid  squares 
on  the  maps  in  use. 

B.4.  The  Quadrant  PlcUi  incorporates  the  ABM  Method  of  assigning 
the  letters  A,  B  or  M  to  nodal  points  in  the  communication  sy^^tem 
and  of  grouping  frequencies  to  fix  a  separation  of  '4  channel 
numbers  minimum  between  receive  and  trainsmit  fi'equencies  at  every 
nodal  point. 

B.5.  The  plan  requires  144  frequencies.  These,  are'listed  in 
rising  frequency  order  in  six  li^ts,  one  for  each  possible  type  of 
link,  as  shown  at  Appendix  B.2.  There  are  24  frequencies  in  each 
list  and  they  are  given  list  numbers  which  apply  to  ail  sjv  l.'  t 

B.6.  The  frequency  list  numbers  are  allotted  to  cuadrant  =juares, 
one  list  number  for  each  of  four  directions  of  reception  (sc-e 
Appendix  B.l),  In  any  one  square  every  "ixth  frequency  li:t  number 
is  allotted;  this  ensures  a  minimum  separation  of  6  channel  numbers 
between  receive  frequencies  at  cuiy  one  nodal  point. 

B.7.  The  plan  provides  for  a  maximum  of  8  l.inl:s  at  any  one  nodal 

point;  e.g  B  to  A  euid  M  to  A  from  each  of  the  four  direction.s, 

B.8.  A  maximum  of  3  nodal  points  may  be  .sited  in  any  one  square 
provided  they  are  assigned  different  letters:  A,  B  and  M. 

Method  of  Assignment 

B.9.  Drawn  the  communication  network  to  the  scune  .scale  as  the 
quadrant  overlay  (see  Paragraph  B.':),  assign  the  letter  A,  B  O'  M 
to  each  nodai  point  that  liJr  letters  are  not  ccrjnertrd  {e  g, 

A  connects  only  to  a  B  or  M)  lay  the  sualr.ant  over  i ay  over  the 
network  diagram.  An  example  of  a  network  diagram  with  1‘ttere  a,. 

B  euid  M  assigned  amd  quadrant  overlay  lupet imposed  is  given  at 
Appendix  B.3. 
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B.TO.  Receive  frequencies  are  assi^ied  to  the  linlcs  at  each  nodal 
point  by  identifying  each  link  with  the  frequency  list  number  appro¬ 
priate  to  the  direction  of  reception  and  then  reading  off  the 
frequency  in  the  list  pertaining  to  the  type  of  link;  e.g.  B  to  A 
(Appendix  B.2  refers).  The  following  example  of  assignment  of 
frequencies  (channel  numbers)  at  Nodal  Point  3  (Appendix  B.3)  will 
help  to  explain  the  method: 

a.  The  link  from  Nodal  Point  6  is  coming  in  from  the  North. 
The  frequency  list  number  for  this  direction  is  20. 

The  type  of  link  is  M  to  A.  Reference  to  Appendix  B.2 
shows  that  the  frequency  (channel  number)  with  list 
number  20  for  link  M  to  A  is  116; 

b.  the  link  from  Nodal  Point  7  is  from'  the  South.  The 
frequency  list  number  is  8.  The  type  of  link  is  B  to  A. 
The  frequency  (channel  number)  with  list  number  8  for 
link  B  to  A  is  80; 

and  so  on  for  the  links  from  Nodal  Points  4  and  2.  Having  assigned 
the  receive  frequencies,  the  transmit  frequencies  at  the  distant  end 
of  the  respective  links  are  autcsnatically  determined. 

B.11.  Vhere  two  links  exist  between  two  nodal  points,  frequencies 
are  assigned  to  the  second  link  as  if  each  nodal  point  were  in  one 
of  the  adjacent  squares.  In  such  cases  it  is  necessary  to  check 
visually  that  frequencies  "borrowed"  from  adjacent  squares  are 
compatible  with  all  other  transmit  and  receive  frequencies  in  use 
at  the  nodal  points  concerned. 

B.12.  Redeployment  of  a  nodal  point  entails  recovering  all  fre¬ 
quencies  previously  assigned  to  both  ends  of  the  links  connecting 
to  it;  modifying  the  network  diagram;  assigning  the  letter  A,  B 
or  M  to  the  nodal  point  in  its  new  position;  amd  re-assigning 
frequencies  appropriate  to  its  new  quadrant  square. 

B.13.  The  simplest  way  of  implementing  a  frequency  change  of  the 
entire  network  is  by  changing  the  co-ordinates  of  the  quadrant 
overlay  and  re-assigning  new  frequencies. 


I 


-  32  - 


SECRET 


(Showing  a  set  of  4  Quadrants,  I  to  IV 
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THE  QUADRANT  OVERLAY 


and,  inset,  the  arrangement  of  quadrants  to  form  a  r 
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Appendix  B. I 


THE  QUADRANT  OVERLAY 

of  4  Quadrants,  i  to  iv  and,  inset,  the  arrangement  of  quadrants  to  form  a  repetitive  pattern) 
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Notes 


I . 


Each  square  is 
frequency  list 
Appendix  B«2), 
each  d I rect I  oh 


assigned  four 
numbers  (see 
being  one  for 
of  reception. 


2.  The  groups  of  four  frequency 
list  numbers  assigned  to  squares 
are  evenly  rotated  and  dispersed 
throughout  the  four  quadrants. 

3.  in  practice  the  squares  on  the 
quadrant  overlay  would  not 
contain  the  frequency  list 
numbers  .but  a  single  square 
number.  This  number  would  be 
separately  Identified  with 
the  grouping  of  frequency  list 
numbers  shown  In  this  appendix. 
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Appendix  B.:. 


FREQUEHCy  LISTS  IN  A-B-M  PATTERM 


Frequency 
List  Nos. 

A  to  B 

A  to  M 

B  to  M 

B  to  A 

M  to  A 

M  to  B 

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

1 

1 

25 

49 

73 

97 

1'-, 

r> 

' 

26 

50 

74 

98 

0 

3 

27 

51 

75 

99 

1  2-2 

4 

4 

28 

52 

76 

100 

1  H 

5 

5 

29 

53 

77 

101 

■i:'5 

6 

6 

30 

54 

78 

1  01' 

i  '•■6 

7 

7 

31 

55 

79 

103 

1  ■:/ 

8 

8 

32 

56 

80 

104 

:::6 

9 

9 

33 

57 

81 

105 

129 

10 

10 

34 

58 

82 

106 

130 

11 

11 

35 

59 

83 

107 

131 

12 

1  2 

36 

60 

84 

108 

!  3-'. 

13 

13 

37 

61 

85 

.09 

•  > 

14 

14 

38 

62 

86 

110 

134 

15 

15 

39 

63 

87 

1  1  i 

135 

16 

16 

40 

64 

88 

"i  « 2 

■|S6 

17 

17 

41 

65 

89 

i13 

1  :■:? 

18 

18 

42 

66 

90 

114 

1:-:8 

19 

19 

43 

67 

91 

115 

1  :>9 

20 

20 

44 

68 

92 

116 

140 

21 

21 

45 

69 

93 

1 1 7 

I4'i 

22 

22 

46 

70 

■94 

118 

142 

23 

23 

47 

71 

95 

1  IS 

143 

24 

24 

48 

72 

96 

1:20 

’.44. 

A  n  T  24  I  25  T  48  I  I  73  R  96  1  97  R  120  I 


t _ 

c - - 

B  1  1  R  24  1 

1  1  49  T  72  1  73  T  96  1  1 

1  121  R  144  I 

( _ 1 

4 

5 - 

M  I  25  R  48  !  49  R  72  I  I  97-  T  'i  2oh  2"'  T  'i4^T  I 


Motes : 

1.  For  simplicity,  channel  numbers  are  shown  in  Columns  (b) 
to  (g)  instead  of  actual  frequencies.  Frequencies  are 
entered  in  rising  frequoicy  order,  starting  at  the  top 
of  Column  (b)  and  working  down  each  column  in  turn. 

This  pattern  assui  < '•  a  minimum  T  -R  sepazation  of  -'8 
channel  numbers  on  a  •'ingle  lini.  and  of  >.  channel 
numbers  at  a  nodal  point. 
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AMNEX  "C 

THE  MODIFIED  QUADRANT  PLAN 


Outline  Descripticai 

C.1.  The  Modified  Quadrant  Plein  is  similar  to  the  Quadrant  Plan 
except  that  the  quadrants  have  a  reduced  number  of  squares  and  fewer 
frequencies  are  required  to  operate  it. 

C.2.  The  ground  is  divided  into  squares  (assignment  areas).  Four 
squares  make  up  a  quarter  quadrant;  four  quarters  form  one  quadrant; 
and  four  quadrants  form  the  basis  of  a  repetitive  pattern.  The 
arrangement  is  shown  at  Appendix  C.T . 

C.3.  The  size  of  the  quadrant  square  is  not  critical  but  the  length 
should  be  rather  less  than  the  average  length  of  communication  links. 
Whenever  practicable,  it  is  convenient  for  the  quadrant  squares  to  be 
the  same  size  as  the  grid  squares  on  the  maps  in  use. 

C.4.  The  Modified  Quadrant  Plaui  incorporates  the  A-B-M  method  of 
assigning  the  letters  A,  B  or  M  to  nodal  points  in  the  communication 
system  and  of  grouping  frequencies  to  fix:  a  minimum  separation  of 
16  channel  numbers  between  receive  and  transmit  frequencies  at  every 
nodal  point. 

C.5.  The  plan  requires  96  frequencies  which  are  listed  in  rising 
frequency  order  in  six  lists,  one  for  each  possible  type  of  link, 
as  shown  at  Appendix  C.2.  There  are  16  frequencies  in  each  list  and 
they  are  given  list  numbers  which  apply  to  ail  six  iists. 

C.6.  The  frequency  list  numbers  are  allotted  to  quadrant  squares; 
one  list  number  for  each  of  four  directions  of  reception  (see 
Appendix  C.1).  In  any  one  square  every  fourth  frequency  list  number 
is  allotted;  this  ensures  a  minimum  separation  of  4  channel  numbers 
between  receive  frequencies  at  any  one  nodal  point. 

C,7.  The  plan  provides  for  a  maximum  of  8  links  at  any  nodal  point; 
e.g.  A  to  M  and  B  to  M  from  each  of  the  four  directions. 

C.8.  A  maximum  of  three  nodal  points  may  be  sited  in  one  square, 
provided  they  are  assigned  different  letters;  A,  B  and  M. 

Method  of  Assignment 

C.9.  The  method  of  assigning  frequencies  is  exactly  the  same  as 
that  used  with  the  Quadrant  Plan  and  described  in  Annex  "B". 
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Appendix  C.2 


FREQUBfCy  LISTS  IN  A-B-M  PATTERN 


ISBi 

A  to  B 

A  to  M 

B  to  M 

B  to  A 

M  to  A 

M  to  B 

(^) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

1 

1 

17 

33 

49 

65 

81 

2 

2 

18 

34 

50 

66 

82 

3 

3 

19 

35 

51 

67 

83 

4 

4 

20 

36 

52 

68 

84 

5 

5 

21 

37 

53 

69 

85 

6 

6 

22 

38 

54 

70 

86 

7 

7 

23 

39 

55 

71 

87 

8 

8 

24 

40 

56 

72 

88 

9 

9 

25 

41 

57 

73 

89 

10 

10 

26 

42 

58 

74 

90 

11 

11 

27 

43 

59 

75 

91 

12 

12 

28 

44 

60 

76 

92 

13 

13 

29 

45 

61 

77 

93 

14 

14 

30 

46 

62 

78 

94 

15 

15 

31 

47 

63 

79 

95 

16 

16 

32 

48 

64 

80 

96 

A 

B 

M 


r  1  T  16  liy  T  3a  I  n?  R  64  )  65  R  ScTl 

I  I  ^ 


_J 

c - - 

I  1  R  16  1 

1  33  T  48149  T  64  | 

t . . — a  r-,,.,  , 

1  17  R  32l  33  R  48  I 


I  81  R  96  1 

I - 3^ - 1 


I  65  T  80  I  81  T  96  I 


Notes : 

1 .  For  simplicity,  cheumel  numbers  are  shovm  in  Columns  (b) 
to  (g)  instead  of  actual  frequencies.  Frequencies  are 
entered  in  rising  frequency  order  starting  at  the  top  of 
Column  (b)  aind  working  down  each  column  in  turn. 

2.  This  pattern  assures  a  minimum  T-R  separation  of  3? 
channel  numbers  on  a  single  link  auid  of  16  channel 
numbers  at  a  nodal  point. 
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AHHEX  "D'‘ 

THE  MODIFIED  A-B  -M  PLAN 


Outline  Description 

D.1.  The  Modified  A-B-M  Plan  d'-cign^i  ic  assure  the  compatibility 
of  all  frequencies  jji  use  at  a  nodal  point  in  a  communication  system. 

It  does  so  by  fixing  minimum  transmitter- receiver,  transmitter- 
transmitter  and  receiver-receiver  frequency  separation-,  at  nodal  points. 
Provided  that  the.se  minimum  frequency  separations  can  be  made  to 
satisfy  the  compatibility  rules  for  the  equipment  in  use,  the  plan 
will  operate  successfully. 

D. 2.  The  basic  A-B--M  Plan,  as  incorporated  in  the  Quadrant  Plan 
and  shown  at  Appendix  D.1 ,  assures  a  minimum  frequency  separation 
between  transmitters  and  receivers  only.  However,  by  taking  the 
basic  A-B-M  pattern  and  grouping  the  frequency  list  numbers  and  related 
frequencies,  it  is  possible  to  fix  the  receiver -receiver  frequency 
separation  also,  provided  that  each  group  contains  the  same  number  of 
frequencies.  For  example,  as  shown  in  Appendix  D.2,  using  96  fre¬ 
quencies  and  grouping  together  every  fourth  frequency  list  number,  four 
groups  each  containing  24  frequencies  are  formed  and  the  separation 
between  consecutive  frequencies  in  each  group  is  4  channel  numbers. 
Appendix  D.3  shows  that  by  grouping  together  every  third  frequency 
list  number,  three  groups  each  containing  .10  frequencies  are  formed 
giving  a  separation  of  3  channel  numbers  in  each  group.  In  this 
case  6  frequencies  are  left  over;  these  can  be  grouped  provisionally 
with  the  next  group  in  turn  (Group  l)  but  must  be  assigned  with  care 
as  although  the  correct  separation  for  each  link  type  is  assured, 
this  is  not  true  of  other  link  types  which  may  terminate  at  a  nodal 
point  (e.g.  referring  to  Appendix  D.3.  frequency  list  number  16  for 
link  type  A  to  M  is  only  one  channel  number  removed  from  frequency 
list  number  1  for  link  type  B  to  M). 

D,3.  It  will  be  found  that  the  greater  the  receiver -receiver 
frequency  separation  required,  the  less  flexibility  the  frequency 
assigner  has  in  assigning  frequencies. 

D.4.  As  already  stated,  the  examples  given  in  Appendices  D.2  and  D.3 
of  modified  A-B-M  patterns  use  96  frequencies.  This  number  gives  the 
following  separations  at  nodal  points ’ 

a.  Transmitter- receiver  -  <6  channel  numbers 

b.  Receiver-receiver  Variable  value  between  1  and 

5  channel  numbers 

c.  Transmitter-transmitter  1  channel  number. 

O.S.  However,  the  Modified  A-B-N  Plan  can  operate  with  more  or  less 
fregnracies  prodded  the  required  frequency  separations  can  be  main¬ 
tained.  The  minimum  number  of  frequf*nci''''  necessary  is  dependent  on 
the  minimum  transmitter  receiver  frequency  separation  required;  e.g. 
a  separation  of  10  channel  numbers  requires  10  frequencie.s  in  each 
of  the  six  A-B-N  lists,  making  a  total  of  60  frequmcies.  The  more 
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frequencies  available,  the  greater  will  be: 

a.  The  transmitter-receiver  frequency  separation. 

b.  The.  choice  of  receiver-receiver  frequency  separation. 

c.  The  frequency  repetition  di.stance. 

do  The  number  of  links  which  can  terminate  at  a 
nodal  point. 

e.  The  flexibility  in  making  a.ssignjnents. 

Method  of  Assignment 

D.6.  Draw  the  communication  network  rough.Ly  to  scale;  a.ssign  the 
letter  A,  B  or  M  to  each  nodal  point  so  that  like  letters  are  not 
connected  (e.g.  A  connects  only  to  a  B  or  M),  and  ensuring  that 
approximately  the  same  number  of  the  letters  A,  B  or  M  are  assigned 
to  the  network. 

D.7.  Divide  the  number  of  available  frequencies  by  6  to  determine 
the  frequency  list  numbers  and  enter  these  as  shown  in  Appendix  D.1. 
Enter  the  frequencies  in  ascending  frequency  order  in  6  lists, 
starting  at  the  left  and  working  down  each  list  in  turn. 

D.8.  Decide  the  receiver-i eceiver  frequency  separation  required. 
Assuming  it  is  3  channel  numbers,  group  together  every  third  fre¬ 
quency  list  number,  and  the  six  frequencies  associated  with  each, 
as  shown  in  Appendix  D.4.  The  resulting  frequency  pattern  is  now 
the  sole  instrument  for  assigning  frequencies  and  also  serves  as  a 
record  of  assignments.  (The  number  of  available  frequencies  and  the 
receiver-receiver  frequency  separation,  once  determined,  are  likely 
to  remain  constant;  the  modified  A-B-M  pattern  can  therefore  be 
produced  in  quantity  and  serve  for  numerous  assignments.) 

D  9.  Frequencies  are  assigned  to  nodal  points  starting  at  the 
forward  edge  of  the  operational  area  and  working  systematically 
towards  the  rear. 

D.10.  At  each  nodal  point  the  detailed  procedure  for  assigning 
frequencies  is  given  below,  illustrated  by  examples  using  Appendices 
D.4  and  D.5: 


a.  Receive  frequencies  are  assigned  to  all  trunk  links 
connecting  to  the  nodal  point  and,  as  a  general  rule, 
these  must  all  be  drawn  from  one  of  the  frequency 
groups  available  (e.g.  Groups  I,  II  or  III  in  Appendix 
D.4). 

b.  Determine  the  numbers  of  each  link  type  connecting  to 
the  nodal  point  and  then  select  a  freouency  group 
(Appendix  D.4)  from  \diich  all  the  frequencies  may  be 
drawn.  Assign  these  frequencies  to  the  appropriate 
links  and  record  the  assignment  by  placing  a  ring 
around  each  one  and  enter  some  indication  of  where 
each  was  used.  For  this  rurpose  jt  is  convenient 
(particularly  for  trequency  repetitton  purposes  later 
on)  to  superimpose  lO-km  columns  on  the  networl  diagram 
and  identify  each  column  by  a  number.  An  example  of 
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this  assignment  process  follows.  Appendix  D. 5  shows 
a  communication  network  diagram  with  numbered  columns 
superimposed  and  with  letters  A,  B  and  M  assigned  to  nodal 
points.  Available  frequencies  are  grouped  as  shown  in 
Appendix  D.4  vrtiich  will  be  used  for  assigning  frequencies 
to  the  network  and  for  recording  the  assignments. 

Beginning  at  the  forward  edge  of  the  operational  area 
with  Nodal  Point  No.  1 ,  it  will  be  seen  that  there  are 
two  links,  one  type  M  to  A  and  one  type  B  to  A.  All 
three  groups  (Appendix  D.4)  have  suitable  free  frequencies; 
Group  II  is  selected  and  frequencies  appropriate  to  the 
link  type  are  assigned.  The  frequencies  are  ringed  to 
serve  as  a  record  of  assignment  auid  the  column  number  1  is 
entered  above  the  ringed  frequencies  to  indicate  the 
location  of  the  assignment  on  the  network,  diagram.  This 
completes  the  assignment  at  Nodal  Point  1  .  At  Nodal 
Point  2  there  are  two  links  type  A  to  M,  and  one  B  to  M. 
Group  I  is  selected  and  frequencies  are  assigned  to  all 
three  links  according  to  their  type.  The  frequencies 
are  ringed  auid  the  column  number  2  entered;  cuid  so  on  for 
the  remaining  nodal  points.  Note  that  although  receive 
frequencies  only  are  assigned  at  nodal  points,  these 
automatically  determine  the  transmit  frequencies  at  the 
distant  end  of  the  respective  links. 

c.  In  a  large  network  the  stage  will  be  reached  when  in¬ 
sufficient  free  frequencies  are  available  in  any  one 
group  to  satisfy  all  the  requirements  at  a  nodal  point. 

At  this  stage  it  is  permissible  to  assign  some  free 
frequencies  from  one  group  and  some  from  another, 
provided  that  the  required  separation  between  all  the 
frequencies  selected  is  maintained.  Failing  this,  it 
will  be  necessary  to  re-assign,  from  one  group, 
frequencies  used  the  farthest  distance  away  (these 
can  readily  be  identified  by  the  column  number  entered 
at  the  time  of  assignment  (see  Sub-Paragraph  b  above), 
and  in  such  circumstances  that  mutual  interference 
appears  to  be  unlikely.  Compatible  spare  frequencies 
may  be  used  but  this  should  seldom  be  necessary  for  an 
initial  assignment;  it  is  better  to  keep  the  majority 
in  reserve  to  overcome  unpredicted  interference  and 
for  use  in  redeployments.  Before  assigning  a  .spare 
frequency,  it  is  essential  to  check  that  it  is  cc»n- 
patible  with  all  other  receive  emd  transmit  frequencies 
vrtiich  will  be  in  use  at  both  of  the  nodal  points 
affected. 

D,11.  When  two  nodal  points  are  connected  by  more  than  one  link, 
no  change  in  the  assignment  procedure  described  above  is  necessary. 
For  example,  two  Nodal  Points  A  and  B  are  connected  by  two  links, 
at  Nodal  Point  A  receive  frequencies  are  assigned  to  both  links 
from  any  one  frequency  group  for  link  types  B  to  A,  and  similarly 
at  Nodal  Point  B  for  link  types  A  to  B.  The  compatibility  of  fre- 
q^wciet  thus  assigned  is  invariably  assured. 

D.12.  Redeployment  of  a  nodal  point  entails  recovering  all  fre¬ 
quencies  previously  assigned  to  both  ends  of  all  links  connecting 
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to  it;  modifying  the  network  diagram;  assigning  a  suitable  letter 
A,  B  or  M  to  the  nodal  point  in  its  new  position;  and  re-assigning 
frequencies  to  both  ends  of  the  new  links  connecting  to  it. 


D.13.  A  complete  frequency  change  of  the  whole  network  can  be 
accomplished  by  re-lettering  nodal  points  ud  making  a  new 
assignment. 
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Appendix  D.1 


FREC 

LISTS 

IN  A-B 

-M  PATTER] 

_ 

Frequency 
List  Nos. 

A  to  B 

A  to 

M 

B 

to  M 

B  to  A 

M  to  A 

M  to  B 

HQUI 

(c) 

■ 

(d) 

(e) 

(f) 

(g) 

17 

■ 

33 

49 

65 

81 

18 

■ 

34 

50 

66 

82 

19 

35 

51 

67 

83 

20 

36 

52 

68 

84 

21 

37 

53 

69 

85 

22 

38 

54 

70 

86 

23 

39 

55 

71 

87 

8 

8 

24 

40 

56 

72 

88 

9 

9 

25 

41 

57 

73 

89 

10 

10 

26 

42 

58 

74 

90 

11 

11 

27 

43 

59 

75 

91 

12 

12 

28 

44 

60 

76 

92 

13 

13 

29 

45 

61 

77 

93 

14 

14 

30 

46 

62 

78 

94 

1:5 

15 

31 

47 

63 

79 

95 

16 

16 

32 

48 

64 

80 

96 

A  1 1  t  16  117  T  32  I  I  49  R  64  I  65  R  8ot 


^  t 

4 

‘  *1 

B 

n  R  16 1 

I  33  T  48  1  49  T  64  1 

I5l  R  96  1 

_ 

M 

QII 

R  32!33  R  48  1 

1  65  T  80  !  81  T  96  1 

Notes : 

1 .  For  simplicity,  channel  numbers  are  shown  in  columns  (b)  to 
instead  of  actual  frequencies.  Frequencies  are  assigned  to 
the  channel  numbers  1  to  96  in  rising  frequency  order. 

2.  This  pattern  assures  a  minimum  T-R  separation  of  32  channel 
numbers  on  a  single  link  and  of  16  channel  numbers  at  a 
nodal  point. 
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Appendix  D.2 


FREQUENCY  LISTS  GROUPED  IK  MODIFIED  A-B-M  PATTERN 


(With  Four  Channel  Numbers  Separation) 


Group 

Frequency 
List  No. 

A  to  B 

A  to  M 

B  to  M 

B  to  A 

M  to  A 

M  to  B 

(a) 

I 

(b) 

1 

5 

9 

13 

(c) 

1 

5 

9 

13 

(d) 

17 

21 

25 

29 

H 

(f) 

49 

53 

57 

61 

(g) 

65 

69 

73 

77 

(h) 

81 

85 

89 

93 

2 

2 

HI 

50 

MM 

82 

6 

6 

HI 

54 

mm 

86 

10 

10 

26 

58 

74 

90 

14 

14 

30 

46 

62 

78 

94 

3 

3 

19 

35 

51 

67 

83 

TTT 

7 

7 

23 

39 

55 

71 

87 

11 

11 

27 

43 

59 

75 

91 

15 

15 

31 

47 

63 

79 

95 

4 

4 

20 

36 

52 

68 

84 

TV 

8 

8 

24 

40 

56 

72 

88 

12 

12 

28 

44 

60 

76 

92 

16 

16 

32 

48 

64 

80 

96 

Notes :  1 .  For  simplicity,  channel  numbers  are  shown  in 

columns  (c)  to  (h)  instead  of  actual  frequencies,. 
Frequencies  are  assigned  to  these  channel  numbers 
in  sequence  1  to  96  in  rising  frequency  order. 

2.  The  minimum  channel  spacing  in  any  one  group  is  ^ 
channel  numbers.  Therefore  if  all  receive 
frequencies  at  a  nodal  point  are  selected  from  a 
single  group,  the  minimum  receiver-receiver  fre¬ 
quency  separation  is  inevitably  4  channel  numbers 
^e  minimum  transmitter-receiver  separation 
remains  at  16  channel  numbers  as  the  frequencies 
channel  numbers)  in  each  list  are  the  s^une  as 
those  shown  in  Appendix  D. 1 .  Only  the  order  has 
changed. 
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Appendix  D.3 


FSEQOEHCY  LISTS  GROUPED  IN  MODIFIED  A-B-M  PATTERN 


(Shovin 

p  Three 

Channel 

Numbers 

Sepcur'ation) 

Group 

Frequency 
List  No. 

A  to  B 

A  to  M 

B  to  M 

B  to  A 

M  to  A 

H  to  B 

(a) 

msm 

(c) 

(d) 

(e) 

(f) 

(g) 

(h) 

1 

17 

33 

49 

65 

81 

4 

20 

36 

52 

68 

84 

7 

23 

39 

55 

71 

87 

10 

26 

42 

58 

74 

90 

13 

29 

45 

61 

77 

93 

16 

16 

32 

48 

64 

80 

96 

2 

2 

18 

34 

50 

66 

.  82 

11 

5 

5 

21 

37 

53 

69 

85 

8 

8 

24 

40 

56 

72 

88 

11 

11 

27 

43 

59 

75 

91 

14 

14 

30 

46 

62 

78 

94 

3 

3 

19 

35 

51 

67 

83 

6 

6 

22 

38 

54 

70 

86 

III 

9 

9 

25 

41 

57 

73 

89 

12 

12 

28 

44 

60 

76 

92 

15 

15 

31 

47 

63 

79 

95 

Notes :  1 .  For  sinplicity,  channel  numbers  eure  shown  in  columns 

(c)  to  (h)  instead  of  actual  frequencies.  Fre¬ 
quencies  are  assigned  to  these  channel  numbers  in 
sequence  1  to  96  in  rising  frequency  order  as  shown 
in  Appendix  D.4. 

2.  The  minimum  channel  spacing  in  any  one  group  is  3 
channel  numbers.  Therefore,  if  all  receive 
frequencies  at  a  nodal  point  are  selected  from  a 
single  group,  the  minimum  receiver-receiver 
frequency  separation  is  inevitably  3  channel 
nusdiers.  The  minimum  transmitter-receiver  separa¬ 
tion  remains  at  16  channel  numbers  as  the  fre¬ 
quencies  (channel  numbers)  in  each  list  are  the 
same  as  those  shown  in  Appendix  D. 1 .  Only  the 
order  has  changed. 
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Appendix  D.4 


FSBQUEVCy  LISTS  IN  HODIFIED  A-B-M  PATTERN 


HH 

A  to  B 

A  to  N 

B  to  M 

B  to  A 

M  to  A 

N  to  B 

I 

1 

4 

wm 

BB 

9B 

859 _ 

7 

BH 

wm 

Bi 

804 

10 

RHI 

wm 

BB 

^B|9 

13 

wm 

16 

H 

RBI 

BB 

^^9 

^^91 

II 

2 

lisi 

B9 

^^9 

BRB 

5 

RHH 

802 

860 

8 

mm 

IRIH 

mm 

^^9 

B9 

11 

BHI 

BI9 

BB 

|B9 

wm 

||H|B 

14 

BS9 

RHB 

III 

3 

^SSSi 

fm 

BB 

SBB 

6 

BHI 

RIB 

IR9 

^9 

861 

9 

RREI 

mw 

788.5 

806 

12 

J16 _ 

RHRi 

BB 

^^9 

00 

903.5 

mm 

BBH 

WU 

B^l 

l!^B 

_ 

Notes :  1 .  The  frequencies  used  are  those  allotted  for  trunk 

links  in  List  'A* ,  (Table  II,  Page  11  refers). 

As  the  winiSBiis  separation  between  List  'A*  fre¬ 
quencies  is  1  l(/cs,  the  winijsun  separation  in  any 
«r  tke  Grou^  I  to  III  above  is  3.  Me/s. 

2.  The  frequencies  ringed  are  explained  in  paras 

D6b  and  09. 
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COMPARISON  OF  RESULTS  OF  FREQUENCY  ASSIGNMENT  METHODS 


SERIAL 

FEATURE 

QUADRANT  PLAN 

(Assignment  Control  at  Army  Group) 

MODIFIED.  QUADRANT  PLAN 
(Assignment  Control  at  Corps) 

MOD 

(Assign) 

'(c) 

Compatibility  Rules  broadly  met 

(d) 

As  column  (c) 

A 

2 

Frequency  Repetition 
Distance 

a.  Decentralised  Assignment  -  10  kms 

b.  Central  Assignment  -  60  kms 

a.  60  kms  within  Corps  area 

b.  80  kms  laterally 

80  km 

3 

Tactical  Deployments 

Frequency  of  moves,  particularly  of 
fmn  headquarters,  precludes  central 
assignment  at  Army  Group  level.  The 
needs  of  only  a  single  Corps  are 
unlikely  to  be  satisfied  within  a 
reasonable  time. 

a.  Normal  day-to-day  moves  are 
readily  dealt  with. 

b.  Major  redeployment  involving 
re-assignment  to  whole  network 
are  likely  to  embarrass  the 
frequency  assignor  owing  to  time 
factor  (see  Serial  5c) 

The  requir 
any  scale  i 

4 

Cross-Linking  and 
Expansion  of  Networks 

Present  minor  problems  which  are 
easily  solved 

As  column  (c) 

A: 

5 

Assignment  Time 

a.  Initial  De¬ 
ployment 

(excl  preparation 
time). 

b.  Minor  Re¬ 
deployments 
(incl  preparation 
time). 

c.  Major  Re¬ 
deployments 
(incl  preparation 
time). 

3^-4  hours  for  each  Corps. 

14-16  hours  for  a  4-Corps  Army 

Group  (assignments  to  Corps  are 
caisecutive). 

Up  to  lj  hours  per  Corps. 

Up  to  5  hours  for  each  Corps. 

2  -  2j  hours  per  Corps.  Corps 
assignments  may  be  made 
concurrently. 

Up  to  i  hour  per  Corps. 

Up  to  3^  hours  per  Corps. 

j  hour  per 
may  be  madi 

Up  to  5  mil 

Up  to  i  hoi 

6 

General 

a.  Due  to  Serial  3,  central 
assipiment  at  Army  Group  is 
impracticable 

b.  lAie  to  Serial  2a,  assignment 
below  Army  Qrwip  level  is 
also  impracticable 

nm  HQ  link  frequencies  are  all 
compatible  with  trunk  link 
frequencies  and  assigned  separately. 
This  permits  Ami  HQ  to  link  into 
any  nodal  point  in  the  system 
without  disturbing  existing 
frequency  assignments. 

a.  As  coll 

b.  Gives  < 
receivi 
separal 

c.  Nodal  I 
to  eigl 

d.  Extreme 
require 
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ANNEX  "F" 


COMPARISON  OF  RESULTS 

OF  FREQUENCY  ASSIGNMENT  METHODS 

QUADRANT  PLAN 

MODIFIED.  QUADRANT  PLAN 

MODIFIED  A-B-M  PLAN 

(Assignment  Control  at  Army  Group) 

(Assignment  Control  at  Corps) 

(Assignment  Control  at  Corps) 

(c) 

(d) 

(e) 

ion 

Compatibility  Rules  broadly  met 

As  column  (c) 

As  column  (c) 

ion 

a.  Decentralised  Assignment  -  10  kms 

b.  Central  Assignment  -  60  kms 

a.  60  kms  within  Corps  area 

b.  So  kms  laterally 

80  kms  in  all  directions 

nts 

Frequency  of  moves,  particularly  of 

a.  Normal  day-to-day  moves  are 

The  requirements  of  redeployments  on 

fmn  headquarters,  precludes  central 
assignment  at  Army  Group  level.  The 
needs  of  only  a  single  Corps  are 
unlikely  to  be  satisfied  within  a 
reasonable  time. 

readily  dealt  with. 

b.  Major  redeployment  involving 
re-assignment  to  whole  network 
are  likely  to  embarrass  the 
frequency  assignor  owing  to  time 
factor  (see  Serial  5c) 

any  scale  can  be  readily  satisfied. 

arks 

Present  minor  problems  which  are 
easily  solved 

As  coluMi  (c) 

As  column  (c) 

3^-4  hours  for  each  Corps. 

2  -  2j  hours  per  Corps.  Corps 

■j  hour  per  Corps.  Corps  assignments 

14-16  hours  for  a  4-Corps  Army 

assignments  may  be  made 

may  be  made  concurrently. 

tion 

Group  (assignments  to  Corps  are 
consecutive) . 

concurrently. 

Up  to  1^  hours  per  Corps. 

Up  to  i  hour  per  Corps. 

Up  to  5  minutes  per  Corps  • 

tion 

Up  to  5  hours  for  each  Corps. 

Up  to  3^  hours  per  Corps. 

Up  to  ^  hour  per  Corps. 

tion 

1 

a.  Due  to  Serial  3,  central 
assignment  at  Army  Group  is 

Fmn  HQ  link  frequencies  are  all 
compatible  with  trunk  link 

a.  As  coluMi  (d)  this  Serial 

impracticable 

frequencies  and  assigned  separately. 

This  permits  Fun  HQ  to  link  into 

b.  Gives  choice  of  values  for 
receiver-receiver  frequency 

b.  Due  to  Serial  2a,  assignment 
below  Army  Group  level  is 

any  nodal  point  in  the  system 
without  disturbing  existing 

separation 

also  impracticable 

frequency  assignments. 

c.  Nodal  points  are  not  restricted 
to  eight  links 

d.  Extremely  simple  to  operate  and 
requires  minimum  preparation. 
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